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Population Ecology of the Mallard 
VIL. Distribution and Derivation of the Harvest 


by 


Robert E. Munro and Charles F. Kimball 
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Abst ract 


1s thy 


seventh mn a series of 


North America 


Tipe hensive: re ports on population ecologs of the: roallard (Anas 


ords tor 1961 


1a >Were tised, 


’ 
wrhin prev Wi 


Banding re« tovether wath mtormation 


from previous reports in this series. to estimate annual and average preseason age and sex structure 
I thee I allard population and pratte rs of harvest listribution and ce rivation Aue ratios in the jere 
eason population averaged (9S mmimatures per adult and ranged trom 0.75 to 144. The adult male 


Uh 


noesain recovers distributions were associated with ave 


pertemale ratio averaged | 42 voung tiale per tenmale ratio averaged LOL. Geographic and annual 


and vears after banding. Such variation 


er’, 


rcht indicate that survival or band recovers rates. or both. change as a tunction of number of vears 


atter banding. and that estimates of these rates travht thus be affected. Distribution of the mallard harvest 


tr lo mayor breeding ground reference areas to States. Provinces. and th» wavs is tabulated and illus 
trated. Seasonal weekly) breeding ground derivation of the harvest within States and Provinces trom 
the 16 reference areas also tabula Harvest distribution. ders ation. and similarity of derivation 


between harvest areas are summarily, idlustrated with Traps Derivation of harvest appears to be con 


sistent throwyhout the hunting season an She middle and south central United States. CNCOM Passing States 


noboth the Central and Mississippi flywanys owever, weekly derivation patterns for most northern 
both the Cent {Mf ppt I kl. d t patt t t tl 


States suggest that early dates of hunting result in relatively greater harvest of locally derived mallards 


in contrast te bords troraon rthern | U areas 


his is the seventh ina series of reports on the population 


V hie 


son 1975) presented annual estimates of survival. band re 


ecologs of the mallard (Anas platyurhynchos covery rates. and harvest rates of the mallard in North 


America 


re ye rt 


sevT 


IOS TISOS a SE ritial ap PPT hwhereb. information pre 
sented in earlier reports is used tor background and devel 


trent mm SED seq rit reports 


} Anderson 


and Hens 1972) discussed the history of watertow | research 


The tirst report 


and management in North America. reviewed previous 
tuallard studies. and delineated 16 major and 44 minor ret 
The 


discussed mallard 


erence areas for thre breeding rane ont thre mallard 
hv 4 


breeding habitat conditions. breeding mallard populations 


Se"¢ ond re }) rt Pospahala et al 


and productivity Breeding population estimates. estab 
lish d act ordit vy to reference areas GiIvenoin the first report 


ATC lise d In) cur re port Anderson et al 


1074 presented a 
bibliouraphy ot published literature on the mallard in the 
third report in the series 

| he fourth report (Martin and Carnes LOTT) revi wed 


and summarized long-term hunting regulations. duck stam 


1) 
! 
sales. and harvest curves statistics with Spree jal reference 
to the mallard 


by harvest area. State 


Post- 1960 harvest data were summarized 
The fitth report (Ander 


STC 


and thy»was 


r 
aa 


aqnrereareys 
le Ne 
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Ww we wesesews’l 
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Dhese estimates were made tor each age and sex 
category banded preseason in previously defined reference 
areas (Anderson and Henny 1972). The sixth report (Ander- 
son and Burnham 1976) examined the effect of hunting on 
annual survival rates of the mallard 
The following objectives are addressed in this report: 
° Kstimate Preseason age and sex structure of the conti- 
nenital population 
* Compare tor all age and sex categories the geographic 
distribution of recoveries from major reference areas 
© Describe geographic distribution of the harvest among 
States and Provinces as indicated by band recoveries from 
each major breeding ground reference area 
* Describe geographic and seasonal derivation of the har- 
vest within each State and Province as represented by popu- 
lation weighted band recoveries trom the various breeding 
ground reference areas 
Several studies of the distribution of mallard band re- 
coveries from Various locations in the breeding range were 
Rrra nm D4 EF 
Far pak 


ws oe oe OD de 








cited in Anderson and Henny (1972). However. using band 
recoveries to represent distribution and derivation of the 
harvest is more complex. Crissey (1955) discussed the prob- 
lems associated with using banding data to determine 
waterfowl migration and distribution. Previous harvest dis- 
tribution and derivation studies include those of Geis (1971, 
1972) on mallards. Geis et al. (1971) on black ducks (Anas 
rubripes). Bowers and Martin (1975) and Bowers and 
Hamilton (1978) on wood ducks (Aix sponsa). and Stew art 
et al. (1958) and Geis (1974) on canvasbacks (Aythya valisi- 
neria). 


Methods 


Definition of Terms 


Age at banding: 


Adult —a bird known to have hatched betore the 
calendar vear of banding. 
Immature — a young bird capable of sustained flight. 


hence not necessarily hatched in the vicinity of banding. 

Local — a young bird incapable of sustained flight. thus 

hatched locally in the vicinity of banding. 

Young —a bird known to have hatched during the 

calendar vear in which it was banded (i-e.. immature 
or local) 

Band reporting rate 


by hunters that is reported to the Bird Banding Labora 


the proportion of banded birds taken 


tors (see Henny and Burnham 1976) 
Breeding population estimates 
mates of adult birds in breeding reference areas. based 


annual population esti. 


primarily on aerial surveys (see Pospahala et al. 1974) 

Breeding ground reference area several preseason band- 
ing stations located in the same general area that display 
similar recovery distribution patterns (see Anderson and 
Henny 1972). Several of these areas (SE Saskatchewan. 
SW Manitoba. Missouri River Basin. and Great Lakes 
collectively) are used in this report to approximate the 
proposed Mid-Continent Waterfowl] Management Unit 
(Office of Migratory Bird Management. personal com 
munication) 

Harvest — retrieved hunting kill 

Harvest areas 
Montana south to New Mexico. which are split along a 


States and Provinces except (1) States from 


boundary between the Pacific and Central flvways. and 

(2) Central Flyway States from North Dakota south to 
Texas. which are split along the LO0Oth meridian. The 
latter division separates the High Plains Mallard Man- 
agement Unit from the rest of the Central Flyway. which 
we williccerto as the “Low Plains” (Hyland and Gabig 
1OS0) 

Harvest distribution 
area. the distribution of harvest (ice.. band recoveries 


foreach breeding ground reference 


adjusted for reporting rate) 
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Harvest derivation — for each harvest area. the deriv ation 
(sources) of harvest (i-e.. band recoveries adjusted tor re- 
porting rate and weighted for population size). 

Harvest rate — the proportion of the population harvested. 
estimated by dividing the recovery rate by the band re- 
porting rate. 

Harvest survey — the waterfow! questionnaire and wing- 
collection survey. collectively. 

Hunting season —a variable period within the inclusive 
dates of 1 September through 15 February. 

Hunting season shot (HSS) code 
seasons that a bird survived before it was shot. 

Preseason banding period — | July through 30 September. 
except when locally curtailed by carly hunting seasons 


the number of hunting 


Preseason population — the population present during the 
preseason banding period. Preseason age and sexy struc- 
ture pertains to the population at the midpoint of the 
banding period. 

Recovers 


a banded bird killed or found dead and reported 

to the Bird Banding Laboratory. 

Direct recovery — a banded bird recovered the first 
hunting season after banding (HSS-1). 

Indirect recovery 
ing season following the first hunting season after 
banding (HSS2-N. as in 2nd through Nth season). 


a banded bird recovered in any hunt- 


Recovery rate — the proportion of banded birds that 1s re 
covered and reported to the Bird Banding Laborator, 
Waterfowl! questionnaire surveys 
survess. conducted independently by the United States 
Fish and Wildlife Service and the Canadian Wildlite 


Service. to estimate the harvest of major categories of 


annual questionnaire 


waterfowl (e.g. ducks. geese) 


Waterfowl wing-collection surveys | annual collections ot 
wings submitted by hunters. which are used to estimate 


the species. age. and sex composition of the harvest 


Sources of Data 


Banding and Recovers Data 


Records of “normal wild” mallards banded preseason 
from 1961 through 1975 are used in this report. Selected 
recovers records include only birds shot or found dead dur 
ing the L961 75 bunting seasons that had been banded 
within the study vears. These selections provided 697530 
banding records and L0Q 58S recovers records 


Breeding Population Surveys 


Aerial survess of waterfowl on their breeding gronnds 
were initiated in Lay These SHUTVOENVS have been dex ritvect 
by Stewart et al. (1958) and discussed by Crisses (1997 
Diem and [aa (1960). and Martinson and Kaczynski 167 
For 1955 1973. Pospahalact alo (P9744) estimate | that the 
of the North 
American mallard breeding population. Population ests 


acrial survey sampled an average of S4 


rates are available for mallards breeding in some areas 











outside those covered by aerial survess. These additional 
estimates are based on Provincial and State surveys and sub- 
jective estimates from watertow! biologists (Pospahala et al. 
1974). Mallard breeding population estimates used in this 
report are shown in Appendix Table A-1- 


Band Reporting Rates 


Henny and Burnham (1976) identified three factors 
based on results of a recent reward band study. that influ- 
ence band reporting rates: (1) band collecting by Conser- 


vation officials. (2) 


distance of band recovery irom the 
banding site. and (3) general intensity of banding effort 
relative to hunter success. Band reporting rate adjustments. 
which were applied only to recoveries that were submitted 


directly by hunters. are shown in Table A-2. 


Harvest Survess 


From 1952 to 1960 the size and species composition of 
the waterfowl harvest in the United States were estimated 
through an annual mail questionaire surver of waterfowl 
hunters. In 1961 the questionnaire <arvey was supplemented 
by a wing-collection survey. thus allowing a more direct 
estimate of (1) the species composition of the harvest (for- 
merly obtained through the questionnaire). and 2) age and 
sox composition of the species harvested. Comparable 
information was not available tor the Canadian watertowl 
harvest until L967) Details concerning the harvest surveys 
are presented in Martin and Carnes (1977). Harvest surves 
data are used in this report to estimate (1) age and sex 
structure in the continental mallard population betore the 
hunting season. and (2) harvest distribution for compari- 
von with that shown by banding data analvsi- 


Procedures 


Estimation of Annual Age and Sex Structure of the 
Preseason Population 


Banding and recovers data. when used to estimate har 
vest derivation. require weighting to adjust for Variation 
in populations and banding effort: We therefore need to 
estimate the preseason age and sex structure of the popula 
thon to better utilize estimates of mallard numbers in the 
various breeding ground reference areas This information. 
combined with banding effort. provides an estimate of the 
number of mallards represented by each banded bird as 
shown in the following procedures 

Breeding population estimates (B) apply to an unknown 
max of adalt males and adult females: We need an estimate 
of the sex composition of the population because the sexes 
are not banded in proportion to therr abundance. and are 
known to differ in likelihood of survival and other charac 
teristics (Anderson 1975). We also need an estimate of the 
production of voung on order to include soung birds and 
adults in the harvest estimates. These needs are met by mak 


ing “indirect population estimates” for each age and sex 
category. If we use an independent estimate of the total 
mallard harvest (1) provided by the harvest survey tor 
vear ¢. then an estimate of the continental preseason popu- 
lation (N.) can be made for each vear: 


N. = H, h.. where h, is the total harvest rate for vear f 


The total harvest rate for a given year is computed as 
the sum (over the 16 major reference areas) of the products 
of the harvest rate in vear ¢ from area i (h,) and the 
proportion of the continental breeding population estimate 
in vear f from area i (B,, B,)- 


It) 
h, = om (h,.)(B,. B) 
i | 
If we let AM. AFL YM. and YF represent adult males. adult 
females, young males, and young females. respectively . then 
tne equation for estimating the continental preseason popu- 
lation of adult males (N, ..,) for a given vear ts: 


ho ee 
Noa = Mh val = th, var.) (B,, B,)] (l) 


The age and sex structure defined by these indirect estimates 
(Equation 1) provided our estimate of the preseason age 
and sex structure of the continental population. 

Fach reference area is allocated a portion of the conti- 
nental population corresponding to the size of its breeding 
population estimate: 


“° _ “° “9 fs) 
Nias = EN ane: ane ae] By. (2) 
wherei = 1,2, .... 16 areas 

‘, aby = [N, Ar N, AM + AF | B,, (3) 


Assuming an even sex ratio for voung birds (Bellrose et al. 
1961: Anderson 1975) in the population. 


- ; — - 7 ' 
N, +My Neve. a 2[N, yM+ VE N, AM + Ab | B,, (4) 


Thus the age and sex structure of the population assigned 
to each reference area is the same as that of the continental 
population. 

Assumptions inherent in the above formulations include 
(1) the populations remain unchanged during the preseason 
banding period: (2) the banded sampies are iepresentative 
of the populations with respect to mortality. movement. 
and migration, (3) the harvest area (United States) is large 
enough to include an adequate sample trom all banded 
populations: (4) recruitment is uniform among all popula- 
tions: (5) the adult sex ratio is uniform among all popuia- 
tions. and (6) band reporting rates are accurately estimated 

Untortunately, movement (1) between the time oi surves 
(May; and banding (July. August. and September) occurs 
to an unknown extent (e.g.. Crisseyv 1955), banding (2) is 
not widespread within all reference areas, age and sex ratios 
(4.5) vary over the breeding range. and band reporting 
rates (6) may not be accurately estimated (Conroy and 








Williams 1981). However. we cannot obtain appropriate 
data for use in an alternative procedure, i-e., one that recog- 
nizes differences among breeding reference areas in popu- 
lation age and sex structure. Thus we are limited to the 
approach described in the above equations. 


Estimation of Harvest and Harvest Rate of the 
Banded Sample 


The harvest of banded birds and harve-t rates of the 
banded samples are estimated as shown below. because all 
recovered bands are not reported. Let 


N’.. = the number of birds banded in vear f. area i: 

R',. = the number of birds banded in vear tf. area i. and 
recovered in the hunting season of vear f: 

f, = the estimated recovery vate (R‘,,N’,,) of the 
banded sample in vear f. area i: and 

\, = the reporting rate for vear f. as estimated by 


Henny and Burnham (1976). 


The number of banded birds harvested (H’, ,) is estimated 
by the number of banded birds recovered divided by the 
reporting rate: 


The estimated harvest rate (h,,) of the handed sample 
equals the recovery rate divided by the reporting rate: 


h,, = Ie r, 


Estimation of Harvest of the Population 


Harvest estimation relies upon the relationship described 
by the Petersen estimate or “Lincoln Indes.” If we let 


N,, 


it 


estimated number of birds in the ith popula- 
tion where ¢ = 1.2... . . 16. 


H,. = estimated number of birds harvested from the 
ith population. 
Ni = number of banded birds in the ith popula- 
| tion. and 
H’, = estimated number of banded birds harvested 
from the ith population. then 
HN, = HN (3) 
and 


Ho = WN, 


ih) 


Equation (6) emphasizes the concept of (N,, N),) asa 
“weighting factor” (Stewart et al. L958: Geis 1972) by which 
the number of banded birds harvested. that were banded 
in area i. must be multiplied to give the total (barded and 
unbanded) harvest of birds from the population in area é. 
The weights are thus (ie estimated populations (N,,) ob- 
tained from Equations (2) to (4) divided by the number of 
birds banded (N’,). 

However, we encountered substantial problems with this 
approach. Some population segments were not banded in 
some vears and consequently could not be represented in 


a ee OO ws ee ew 


re 


the harvest. Small sample sizes (with large population 
weights) overwhelmed harvest derivation estimates based 
on preliminary results. An obvious and often used solution 
to both problems would be to eliminate small samples of 
handed birds. i-e.. not include the breeding area. 

\Ve decided on an alternative approach to alleviate these 
problems. For each reference area we summed the breeding 
population estimate over the 15-year study period: 


BB wherei = 1.2... 


_. . l6 areas: 


> 


p= 1.2.....15 vears. 


We also summed, for each age and sex class, the numbers 
banded (N’) during the 15-year study period. Thus, for adult 
males we have 


Mia = 


Then the population v eight for adult males from the ith 
area in the jth vear is 


ie ,aue = B. [N,, AM x. AMi+ Al ] N", AM 


where the bracketed term is the proportion of adult males 
to tote! adults in the preseason population in the jth vear. 
Caleilations are similarly performed for the other age and 
sex Classes. This procedure introduces errors in population 
weighting within individual vears. but it greatly reduces 
varsebility in population weights among vears. Population 
weights uses in this study are shown in Table A-3. 


(7) 


Testing for Similarity in Band Recovers 
Distribution Paidierns 


Che compaison of geographic distributions of band re- 
coveries in this report has two major objectives: (1) to detect 
similarities of fh !orences of significance to harvest nian- 
agement. and ¢2) te ascertain categories that may be com- 
bined (appear te > from the same population) and thereby 
obtain more religbte information as a result of larger sample 
sizes. Categories «© hich may be examined with the above 
objectives in sand include (singly. or in selected combina- 
tions) banding locations. age. sex. vear(s) of banding or 
recovery. direct o6— indirect recoveries. and calendar time 
of banding or woomers. For example. we may wish to com- 
pare the recowers pattern of immature male mallards 
handed in vear / and recovered in vear i + 1 (indirect re- 
coveries) with the cecovery pattern of adult male mallards 
banded and ress cred in vear i (direct: recoveries). 

in preliminary tests. we found that neither latitudes nor 
longitudes of bod recovery, were normally distributed. 
Thos we used a seoparametric test for our recovery distri- 
compareons. The test) (sometimes called the 
“Mardia Watsor Wheeler” test or the “Uniform Scores” 
test) was original, proposed by Mardia (1967), although 


bution 


a special case of thus general test was presented earlier by 
Wheeler and Watson (1964). The test is also discussed in 
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Mardia (19694. 1969h, 1972: 
SO-82). 

Briefly. this test involves computation of the centroid or 
center of gravity of the combined two-sample distribution. 
Vectors are then considered from this centroid through each 
sample point (latitude-longitude of band recovery). and the 
points are ranked based on the vector directions. These 
directions or angular observations are then replaced in the 
first sample by 


97-201) and Batschelet (1972: 


C, = 247, (n+ m),i= 1.2... 2.0, 


2 


where r, is the linear rank of observation i, n is the number 
of observations in the first sample, and m denotes the num- 
ber of observations in the second sample. We then compute 
the resultant or vector sum of the first sample as 


n . n > 12 
R, = [( © cos C,)- + ( © sin C7] (S) 
r=] t=] 

The null hypothesis of no difference between the two bi- 
variate samples (i.e., two groups of recoveries exhibit the 
same geographic distribution pattern) is then rejected for 
large values of R,. Mardia (1967) has shown that when 
(n + m)>i7 then 


U = 2Rj(m + n-l) mn (9) 


is approximately distributed as X- with 2 df 


We required 20 recoveries in each group (n or m) as the 
smallest practical sample size with which to work. In many 
instances we combined recoveries across vears to meet this 
criterion. In this manner we used years or vear-groups as 
repeated measures within a major reference area. Although 
there is no completely satisfactory method of handling “ties” 
between observatioas from the two samples, approximate 
X- test statistics were ce mmputed in the manner suggested by 
Robson (1968). Continental statistics were obtained as 


" 
22 InP. where P, denotes the probability associated with 
oe] 


the individual test statistic of reference area t. and n denotes 
the nurnber of reference areas available for the test (Sokal 
and Pohif 1969:621-624). This statistic is distributed as X- 
with 2n df under the null hypothesis. We will refer to this 
procedure as the “centroid” test. 


Describing Similarity in Harvest Derivation 


Areas that derive their harvest from common production 
areas need to be identified. In this report we use “similarity 
indices” to compare sources of harvest for any two harvest 
areas. Similarity between two harvest areas is defined as 
the sum of harvest percentages that are derived from the 
same source areas. The index can range from 0 (completely 
independent in sources of harvest) to 100 (equal in percent- 
ages from al! source areas). Hypothetical examples are illus- 
trated in Table 1. The comparison of Areas B and C 
(Table 1) was especially intended to show that. although 
thev have the same index (50) relative to A. this does not 
indicate similarity between B and C, which have an index 
of 0. 


Results and Discussion 


Preseason Age and Sex Structure 
in the Continental Population 


Annual estimates of the preseason age and sex structure 
for the vears 1961 through 1975 are presented in Table 2. 
The age ratio of young per adult averaged about 1.0. which 
agrees with earlier estimates (Bellrose et al. 1961; Ander- 
son 1975). The average adult preseason sex ratio was 1.42 
males per female. 

Using survival and production rate (1.0) estimates for the 
1961-1970 period, Anderson (1975) estimated an adult pre- 
season sex ratio of 1.21 males per female using the method 
of Wight et al. (1965). However, « nderson’s simulation 


Table 1. Hypothetical example of similarity indices. 
Breeding ground reference areas 

Comparison 1 2 3 4 Total 
Harvest area A: 25% % 25% 25% 100% 
Harvest area B: 50°. 50% % % 100% 
Similarity index : 2 + + 0 + e) = 50 
Harvest area A: 25% 25% 25% 25% 100% 
Harvest area C: % 0% 50% 50% 100% 
Similarity index = 0 + 0 + 2 + 25 = 50 
Harvest area B: 50% 50% % 0% 100% 
Harvest area C: % 0% 50% 50% 100% 
Similarity index = 0 + 0 + 0 + 0 7 0 
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Table 2. Preseason age and sex struct- derivation. The balanced < ratio estimated for voung birds 


ure im the mallard population for the in the preseason population provides additional support for 


years 1961-1975. 


wre erorororrrr== Age ratio 
Year Adult Young (young/adult) 
1961 0.56 0.55 0.83 
1962 0.54 0.50 1.16 
1963 0.55 0.51 1.04 
1964 0.62 0.50 0.85 
1965 0.59 0.53 1.30 
1966 0.57 0.47 1.07 
1967 0.63 0.49 1.02 
1968 0.59 0.49 0.75 
1969 0.63 0.50 1.4% 
1970 0.60 0.53 0.86 
1971 0.55 0.50 0.85 
1972 0.60 0.54% 0.75 
1973 0.58 0.46 0.85 
197% 0.62 0.48 1.26 
1975 0.58), 0.50 0.95 
Average 0.59 0.50¢ 0.98 


astructure was derived by dividing 
arpropriate harvest estimate by the 
corresnmonding harvest rate (weighted 
on the basis of relative breeding 
population estimates). 


DB: 4 males/female 


C1 01 males/female 


work in that study led him to conclude that the adult pre- 
season sex ratio ranged from 1.20 to 1.30 and might occa- 
sionally reach 1.35. 

Johnson and Sargeant (1977). using a modification of 
Wight’s method. simulated a final spring adult sex ratio of 
1.26 males per female mallard for the period 1963-1973 
in North Dakota's prairie pothole region. Spring through 
summer mortality rates averaged 16.450 for males and 
28.5. tor females. These interim mortality rates suggest 
a preseason sex ratio of 1.47. When Johnson and Sargeant 
(1977) modified their model for predictive purposes. thes 
obtained an average spring sex ratio of 11S. which thes 
thought was more typical of the study period than the final 
simulated sex ratio of 1.26. Given the interim mortality 
rates used in their model. a spring sex ratio of 11S sug 
gests a preseason sex ratio of 1.38. Martin et al. (1979) esti- 
mated an adult preseason sex ratio of 1.39 males per female 
1974) and a 
modification of the matrix population model developed by 
Leslie (1945. T948) 

Thus. the data used in this report suggest an adult pre 


using more current survival rate data (1961 


season sex ratio that is somewhat higher than other esti 
mates. However, itis unlikely that an overestimate of the 


ratio would cause an important bias in estimates of harvest 


the procedure and the resultant parameters. 


Recovery Distribution Comparisons by Age. Sex. 
Type of Recovery. and Year 


We tested for similarities in recovery distributions among 
various groups before we addressed distribution of the 
mallard harvest. For example. we could combine local and 
immature mallard bandings whenever recovery distribu- 
tions were sufficiently similar. With this objective we made 
extensive and systematic use of the centroid test described 
earlier. 

A test for similarity of recovery distributions is also 
affected by differences in banding intensity and location 
‘sithin a particular reference area. We used major reter- 
ence areas as source areas to provide adequate sample sizes 
for analysis. but in the process we unavoidably added these 
sources of variability. Because of these additional sources 
of variation we disregarded signilicance at the 0.05 level 
in favor of significance at the 0.01 level. We are not in- 
clined to speculate upon the biological significance of dif- 
ferences in recovery distributions unless the differences aie 
independent of banding site sources of variation (e.g... the 
same cohort recovered in different vears). prevalent in many 
areas. directionally (latitude or longitude) consistent. and 
supported by other evidence. 

For statistical considerations we used recoveries that were 
not adjusted fur band reporting rate. Use of adjusted re- 
coveries, although biologically more meaningful, would 
have invalidated the tests. 


Locals Versus Immatures 


Recovery distributions of local and immature mallards 
were compared in four categories: (1) direct recoveries of 
mates. (2) direct recoveries of females. (3) indirect recoveries 
of males. and (4) indirect recoveries of females. In each 
instance the continental test statistic was highly significant 
(Table 3) 


immature recovers distributions were detected across the 


However. tew differences between local and 


important production areas of southern Canada (SW Al- 
herta. SW Saskatchewan. SE Saskatchewan. and SW Mani- 
toba). Test results for remaining major reference areas in 
which data were sufficient indicated significant differences 
(P< O01). Tests of direct recovery distributions indicated 
more difference between the age classes than did those of 
indirect recoveries. 

Our results compare favorably with those of Anderson 
and Henny (1972). Thes found that the greatest difference 
in distribution between locals and immatures occurred in 
direct recoveries from bandings in the United States. Thes 
suggested that some of the immatures had migrated into 
the United States from more northern areas. However. 
earlier movement of the more physiologically advanced 
immatures away from banding areas cannot be discon nted 








Table 3. Summary of results of testing the hypot’ esis that local and immature 


mallards have simi'tar recovery distributions. 





Direct recoveries Indirect recoveries 
Male Female Male Female 

Maior reference 9 ww wrwrrsrrs swerererrr=s 0 Ser Seer s (eee rereeece 

area Test? gf Test df Test df Test af 
SW Alberta 0.98 2 3.52 2 3.59 2 
SW Saskatchewan 10.87 4 7.17 4 7.09 4 5.2% 2 
SE Saskatchewan 1.19 2 7.30 2 1.84 2 2.83 2 
SW Manitoba 13.32e 2 2.98 2 
E Ont - W Quebec 19.67" & 17.638* & 
Washington-Oregon 55.00" 2 46.77** 2 G2.34%*% 2 44.59"* 2 
N California 3.87 2 
Intermountain 19.75"* 2 13.36" 2 
High Plains 20.76"* 6 27.98"* & 4.31 4 7.94 2 
Missouri R. Basin 94¢.80"* 6 96.52" 6 17.70"* 6 26.708* & 
Great Lakes 316.9138" 12 331.918 12 67.49** 10 108.226 19 
Mid-Atlantic 28.99"* 2 20.7784 2 0.56 2 2.6% 2 
NE United States 27.49"* 2 462.58** 2 9.825% 2 
Continental total 540.53** 26 549.53" 24 119.59** 18 167.1188 16 


the test statistic is distributed approximately as x2 with df = 
Significance levels: 
is shown in Appendix Table B-!. 


number of comparisons included. 
** »0<0.01. Greater detail 


j. B 


Crompton 1970). We concluded that recoveries from the 


Gollop. personal communication: Bellrose and 


two age classes could not be combined because of the large 
differences between direct recovery distributions of local 
and immature mallards 

The local age class is not well represented by bandings 
and recoveries (Table B-1). Test statistics for 3 of the 16 
major reference areas could not be obtained within our 
sample size constraints (n and m 2 20) even with 15 vears 
of banding data combined. We therefore excluded re- 
coveries of mallards banded as locals from subsequent 
analyses 


lmmatures Versus Adults 


The same four categories were used to Compare recovers 
distributions of mallards banded as immatures and adults 
We again found large differences across most reference 
areas. Which contributed to highly significant differences 
in the continental test statistics (Table 4). Recovery distri 
butions of immature and adult males were different for both 
direct and indirect comparisons. Direct fermaie recovery dis- 
tributions also differed by age class. 

With the notable exception of the High Plains. the pre- 
sailing difference was a more northerly distribution of 
immatures (Table B-2). J. B. Gollop (personal communi 
cation) noted that late-hatched locals were recovered closer 
to the banding site than were early-hatched locals. Jessen 
(1970) noted delaved migration from Minnesota of locally 
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twice the 


p<0.05 not indicated, 


reared mallards and hens that had nested. He stated that 
locally reared mallards were especially vulnerable to local 
hunters. A prolonged attachment of the more vulnerable 
immatures to natal (i-e.. northern) areas. perhaps related 
to later physiological development. could have caused the 
more northerly distribution of immature recoveries 

The extreme sensitis ity of the centroid test is suggested 
by the significant difference (X- = 74.29. 7 < 0.01) be- 
tween age classes of indirect females. Of all comparisons 
made. these recoveries should have revealed similar distri- 
butions (assuming that breeding habitat conditions were 
suitable) because of the strong homing tendency of females 
to natal areas (J. B. Gollop. personal communication; Sowls 
1955: Lensink 1964; Jessen 1970). Examination of Table B-2 
shows that for indirect females few within-reference area 
tests were significant. and that rderence area test statis. 
tics were significant due to many small (statistically addi 
tive) differences which lacked directional (latitude or longi 
tude) consistency. For example. in the indirect female 
colunm forthe E Ontario W Quebec reference area. the 
reference area statistic (X> = 40.44. P < 0.01) was signifi. 
cant in the absence of significant individual test statistics 
This can be con asted with the direct male column tor the 
same reference area wherein the significant area test statistic 
(X- 105.82. P < O01) reflects significant differences in 5 
of the (2 individual tests (1965. 196S. 1971. 1972. and 
1975) 

Differences between immature and adult recovery dis 
tributions are most pronounced among male mallards. but 
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Table 4. Summary of results of testing the hypothesis that immature and adult 


mallards have similar recovery distributions. 
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Direct recoveries Indirect recoveries 
Maie Female Male Female 
Major reference 0 S27 eee ees 0 Sewer tswewe 8 SeSeeS eee 6 ese pobnieahateatens 
area Test? gf Test df jest df Test df 
N Pacific 0.14 2 0.06 2 
N Alta - N NWT 58.13% 8 19.81 8 3€.75%*% 8 a 8 
SW Alberta 66.43% 6 4.56 6 23.23%* 6 5.07 6 
SW Saskatchewan 77.2484 14 14.15 10 9.13 12 17.17 {2 
SE Saskatchewan 45.2788 8&8 3.45 6 9.64% 8 1.72 2 
SW Manitoba 96.23** 12 15.01 12 28.56% 10 10.75 10 
N Sask-N Man-W Ont 4.35 2 1.69 4 
E Ont - W Quebec 105.82 24 43.12%* 24 149.258 22 40.44*% 22 
Washington-Oregon 157.09"* 14 132.3088 14 24.18 14 31.52"% 12 
N California 108.27#* 16 41.69** 1% 23.71 14 8.09 8 
Intermountain 69.45" 12 16.05 10 39.82" 12 13.02 10 
High Plains 296.658 16 129.35** 14 109.01 14 20.89 12 
Missouri R. Basin G41.27*# 16 111.6084 16 8.32 14 29.7188 1G 
Great cakes 265.96" 30 133.49 36 206.2248 28 50.57" 2 
Mid-Atlantic 196.28** 16 120.548" ! 117.66" 14 2 e 12 
NE United States 45.738 {2 15.18 14 35.56" 12 10.40 10 
Continental total 1384.88** 32 455.83*"* 28 480.13" 32 74.298* 28 


Sthe test statistic is distributed approximately as X2 with df = 
Siqnificance levels: 
in Appendix Table B-2. 


number of comparisons included. 
** o<0.01. Greater detail is shown 


they ar. of little biological significance bevond the first vear 
among females. Relative similarity among recovery distri- 
butions of females proviaes some evidence that arnual 
movements, including return to natal. migration, and win 
tering areas. are more stable and less prone to change than 
those of males. This suggests that females will effectivels 
maintain long-term relationships through generations be- 
tween breeding and wintering areas. 

We concluded that we could not combine immature and 
adult recovery distributions due to the large continental test 
statistics for three of the four categories. However. we con 
cluded that indirect immature female and indirec’ adult 
female recoveries could be pooled because the differences 
between these two groups were relatively small 


Males Versus Females 


We made the following comparisons of males and 
females: (1) direct recovery of immatures, (2) direct re- 
covery of adults, (3) indirect recovery of immatures, and 
(4) indirect recovery of adults. Once again all four cate- 
gories vielded highly significant (P < 0.01) continental test 
statistics (Table 5). However. the differences in recovers 
distributions between males and females were less pro- 
nounced than, for example, immatures and adults. Only 
6 of 15 reference area test statistics were significant 
(P< OOD) 


twice the 


p~0.05 not indicated, 


Data in Table B-3 demonstrate that | Ontario W Que- 
bec. Missouri River Basin. Great Lakes. and High Plains 
(to a lesser extent) were mostly responsible for the signifi- 
cant continental statistics. Within FE Ontario W Quekes 
most of the differences between indirect immature male 
and female recoveries were significant. and due almost 
entirely to a 3-5) mean longitudinal shift west by the males 
(assuming that most females returned to natal areas). To 
a lesser extent. this shift also occurred in the Great Lakes 
and NE United States reference areas. We believe that some 
males from the eastern edge of the breeding range become 
paired during the winter with females that home to areas 
farther west (toward the middle of the breeding range) 
These “displaced” males then migrate south toward the 
same wintering area. and pass through and become har 
vested in different areas 

When we next examined the large differences between 
indirect immature males and females from the Missourt 
Riter Basin (almost mid-continent). we expected to find 
males farther north (toward the middle of the breeding 
range) based on the previous explanation. Although the dif 
ference in Latitude was consistent and more important than 
variation in longitude, we found that males were recovered 
farther south 
location. thes should also have appeared within direct re- 


If these differences related to banding site 


coveries, Anderson (1975) provisionally concluded that the 
proportionately greater harvest of adult females in the north 








Table 5. 


Summary of results of testing the hypothesis that male and temale 


mallards have similar recovery distributions. 


Direct recoveries Indirect recoveries 
Immature Adult Immature Aduwtl*t 

Major reference ------- a. oe eS 

area Test df Test dF Test df Test df 
N Pacific 2.50 2 6.50 2 
N Alta - N NWT 10.46 & 15.44 8 12.91 8 14.86 & 
SW Alberta 9.60 6 57 6 0.51 6 22.68%" 6 
SW Saskatchewan 9.16 16 11.52 10 11.72 2 17.2 12 
SE Saskatchewan 5.34 8 11.45 6 10.04 + 2.35 4 
SW Manitoba 22.10 12 983 12 56.81" 10 16.87 t0 
N Sask-N Man-W Ont 6.¢7 6 12.90 § 
E Ont - W Quebec 39.90 2% 56.02%* 24 233.8488 22 73.608# 22 
Washington-Oregon 30.1388 16 31.67" 14 16.04 14 24.65 12 
N California 11.64 14 re 16 2.53 g 18.43 14 
Intermountain 12.72 12 21.12 10 16.50 12 33.1088 10 
Hich Plains 26.55 146 64.1688 16 12.95 12 78.5148 12 
Missouri R. Basin 45.8688 16 43.178 16 124.13" 14 91.9588 14 
Great Lakes 51.508 39 98.778 39 379.80"€ 28 184.89** 2 
Mid-Atlantic 464.1688 16 27.59 16 72.298" 14 11.48 12 
NE United States 12.83 16 15.76 12 BO.96"* 16 11.7 10 
Continental total 92.77%* 32 162.68** 28 705.05"* 32 318.34 28 
®the test statistic is distributed approximately as x2 with df = twice the 
number of comparisons included. Siqnificance levels: p<0.05 not indicated, 


** 95<0.01. Greater detail is shown 


reflected vulnerabilit, more than occurrence. He suggested 
delaved molt. stresses of brood production. and the need 
for more feeding flights as possible factors causing greater 
vulnerability 
indirect recoveries of immatures. as opposed to direct or 


The more pronounced differences within 


indirect recoveries of adults. couid also reflect vulnerability 
if females are more vulnerable during their first vear of 
nesting 

Martin and Carnes (1977) suggested that adult males 
migrate south earlier and thus avoid early season hunting 
pressure. This ts supported by Bellrose and Crompton (1970) 
who found hunters’ bags composed entirely of adult drakes 
during the early fall. However. male mallards in Europe 
appear to migrate later than females (Lebret 1950; Mathias- 
son 1971; Ogilvie and Cook 1971) 

The greater harvest of adult males in the South (Martin 
and Carney 1977) may be in part a result of the propor 
tionately greater harvest of adult females in the North 
Additional factors that might cause a more southerly dis- 
tribution of males are hunter preference and regulations 
favoring the harvest of males. The sexes usually cannot be 
distinguished on the breeding grounds early in the season 
but can be distinguished later in the season (farther south) 
lt these were major factors. however, they should have 
caused similar latitudinal differences between direct re 
coveries of the sexes, which were not apparent (Table B-3) 
The above factors may favor a more southerly distribution 
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in Appendix Table B-3. 


of males that was detectable only within indirect recoveries 
due to the accumulation of small differences over vears. 

We concluded that. for other than direct recoveries of 
immatures. the continental test statistics were sufficiently 
large to preclude combining males and females. 


Direct Versus Indirect Recoveries 


We again made four comparisons, two for eack age and 
wx (Table 6). The effects of within-area variability in band- 
ing intensity and location were eliminated because we 
compared the distributions of direct recoveries with all sub 
sequent (indirect) hunting season recoveries from the same 
banded samples (through 1975). Other than for adult 
females, most reference area test statistics were highly sig- 
nificant (P < 0.01) 

The tabulation of within-reference area Comparisons 
(Table B-4 
mean Latitude of recovery. Except for the High Plains. direct 
recovery distributions occurred farther north than indirect 
recoveries wherever a difference was detected (P< 0.01) 


documents an almost universal difference in 


The pattern was reversed for direct and indirect (farther 
north) recoveries from the High Plains because most birds 
were banded along the southern border of the reference 
area. particularly in the San Luis Valley. Previous work 
(Funk et al. 1971; Hopper et al. 1975, 1978) demonstrated 
the concentration of recoveries within the High Plains Mal- 








Table 6. smmary 
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} of results of testing the hypothesis that direct and 
indirect recovery distributions of mallards are similar. 


Adult recoveries Immature recoveries 

Male Female Male Female 

Maior reference cr rtrtrrtsrtr ttre rts terre rrrer 
erea Tes +4 df T s + dr Test df Test <adf 

N Pacific cO0.31%" 2 7.55 2 
N Alta - N NWT 9.73 £ 5.07 & &2.99** 8 37.0944 §8 
SW Alberta 25.8348 6 1.8% 4 70.32<* 6 12.3% 6 
SW Saskatchewan 25.06 12 19.32 10 89.190** 12 31.2988 12 
SE Saskatchewan <1.80e" §8 4.45 6 G1.73°8 8 0.41 2 
SW Man:toba 66.1948 10 17.89 10 170.c2** 10 35.5788 10 
N Sask-N Man-W Ont 19.4588 2 55.5788 6 12.87 6 
E Grt - W Quebec 132.9788 22 66.178 22 965.85°¢ 22 199.1188 22 
Washington-Oregon 26.43 14 31.5586 12 18B.93S** 146 116.5188 14 
N California 23.56 14 23.95 "4 K1.235*8 14 7.55 8 


Intermountain 39.1684€ 12 21.65 10 2e8.71*## 12 12.06 12 
Hiah Plains 99. 33** 12 69.2188 {2 257.56%# '2 152.434 12 
Mistour: R. Basin 69.99"* 14 24.58 14 548.1788 14 43.08% 16 
Great Lakes 39.2748 2 76.9028" 2 987.1258 2 199.72°¢8 2 
Mid-Atlantic 39.28¢4€ 14 30.59#6 12 398.18** 16 116.1688 14 
NE United States 13.25 10 20.42 19 352.4688 14 60.25%" 1% 
Continental total 343.10** 30 168.5788 28 255%.46"8* 32 635.15** 32 
Bathe test statistic is distributed approximately as x2 with df = twice the 
number of comparisons included. Siaqnificance levels: p<0.05 not indicated, 


** 9<0.01. Greater detail is shown 


lard Management Unit. of which the High Plains breeding 
ground reference area is a part. 

Although the mean Latitudinal differonces were variable 
in magnitude and often coméderably less important than 
those for mean longitude. the underlying Consistency (and 
direction) must be examined. We believe that the must 
logical explanation for this difference. which spans age and 
sex Classes and most portions of the breeding range. is the 
vreater association of direct recoveries with banding sites 
(assuming a general north to south movement from summer 
to winter areas). Areas of quality habitat attract large num 
bers of ducks. which attract both banders and hunters 
Some of these birds. particularly voung of the vear and 
adult females, remain in the general vicinity of the band 
ing site until southward migration begins. This causes a con 
centration of recoveries near banding sites that affects. and 
isa portion of. the total distribution of direct recoveries 
Indirect recovery distributions do not show the same degree 
of concentration near banding sites. Annual variation in 
breeding habitat conditions displaces some birds; this causes 
amore scattered distribution of indirect recoveries that is 
centered farther south than a comparable distribution of 
direct recoveries. Both distributions may be very similar 
geographically. but the direct recovers distribution includes 
a higher proportion near the banding site 

Age is also a factor in comparisons of direct and indirect 


recoveries. Birds banded as immatures return the following 
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in Appendix Table B-G. 


summer as adults, and those banded as adults return a litth 
older and perhaps more experienced. The timing or rate 
of movement may be somewhat different in older birds. 
or Variation in early fall weather conditions may promote 
a more scattered distribution of indirect recoveries. These 
differences are more pronounced for males than for females 
«hich. because of homing. are expected to have similar dis 
tributions in successive Vears 

Direct versus indirect recovery distribution comparisons 
are illustrated in Fig. 1 tor the Missouri Rirer Basin 
Although only significant (P< 0.01) mean latitude or long 
tude differences are shown in Table B-4. the actual centers 
of recovers distributions are plotted in Fig. 1b. Only one 
point was plotted for each direct or indirect adult female 
recovers distribution. because only one significant 
2’ < O01) difference was detected. However, seven pottits 
were plotted for each direct or indirect immature male re 
covers distribution. because seven differences were found 
between them. Direct recoveries of immatures were cen 
tered the farthest north. followed by direct adult and indi 
rect immature females, direct adult males and indirect adult 
females, and finally inairect males. Within an age sex class. 
direct recovery distributions were almost always centered 
farther north than indirect recoveries. Lndirect males were 
the only recovers distributions centered south of the refer 
ence area (WN) 

We previously suggested that westward shifts by males 
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Fig. 1. Comparison of direct (D) and indirect (1) recovery distri- 
butions of immature (Y), adult (A). male (M). and female (F) 
mallards banded preseason in the Misseurt River Basin. Points 
represent significantly different (P < 0.01) geographic centers 
of recovery distributions from yvear-group comparisons shown 
in Table B-4. Of seven comparisons made for each age-sex class, 


all were different for immature males: hence seven points are 


illustrated for both direct immature males (DYM) and indirect 
immature males (LYM). Lines serve only to connect or surround 
points representing a given age-sex class. The southern bound- 
ary of the reference area lies in part along 40 N latitude 


are probably due to pair formation on the wintering 
grounds with females from the central part of the range. 
This explanation is also appropriate when direct and indi- 
rect recoveries of immature males are compared. Indirect 
recoveries of immature males banded in eastern reference 
areas were centered several degrees west of direct recoveries. 
Similarly, immature males that were banded in the west 
and survived their first hunting season were recovered 
farther east. 


Our results compare favorably with previously reported 
differences between direct and indirect recoveries (Lensink 
1964: Geis et al. 1971. Anderson and Henny $972: Hopper 
L978: March and Hunt 1978). Although direct and 
indirect recovery distributions of adult fen ales were statis- 
tically different (X- = 148.57. P < 0.01) at the continental 
level, differences were found in only 5 of the 16 major ref- 
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erence areas (Table 6). We concluded that. except for adult 
females, we could not combine direct and indirect  re- 
COVeETIES. 


Direct Adults Versus Indirect Immatures 


An immature mallard that survives its first hunting sea- 
son enters its second calendar year as an adult. Subsequent 
indirect recovery distributions of birds banded as imma- 
tures might be similar to direct recovery distributions of 
adult-banded bicds. Table 7 presents comparisons of direct 
adult and indirect immature recoveries for each sex (indi- 
rect adults and immatures were previously compared). The 
continental test statistics for both sexes were highly signifi- 
cant (P < 0.01). although differences within males were 
much more pronounced. The most pronounced difference 
was a more westward distribution for immature males 
banded in the East (Table B-5). We concluded that direct 
adult and indirect immature female recoveries represented 
the same population and could be combined because dif- 
ferences within females were detected in only 5 of 16 major 
reference areas. 


Direct Recovery Distributions During Consecutive Years 


In previous analyses of direct recovery distr butions we 
used years or groups of consecutive years as repeated mea- 
sures within reference areas, which tended to minimize any 
effect of annual variation. Here we examined the extent 
of annual (or year-group) variation in direct recovery dis- 
tributions within each age and sex class (Table 8). Once 
again we found highly significant (P < 0.01) differences 
in recovery distributions from one vear to the next, as meas- 
ured by continental test statistics for the four age-sex classes 
examined. Immature males displayed the greatest year-to- 
vear Variation in distribution. 

Fortunately, trends or consistencies were not detected 
within reference areas (Table B-6). For example, immature 
male test statistics within the Great Lakes area, which 
demonstrated the largest difference. showed no consistent 
directional differences in mean latitude-longitude of re- 
covery distribution. Betweet-vear comparisons are affected 
by changes in banding sites, breeding ground habitat. 
migration chronology, migration and winter habitat con- 
ditions, hunting pressure, hunting regulations, and other 
factors. Between-year comparisons of direct recovery dis- 
tributions showed no consistent latitude or longitude dif- 
ferences within reference areas (Tabie B-6); therefore. we 
combined the 15 years ot banding and recovery data. 
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Table 7. Summary of results of testing the hypothesis that direct recovery 
distributions of birds banded as adults are similar to indirect recovery 
distributions of birds banded as immatures. 
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Male Female 
Major reference rrr eee 
area Test df Test df 
N Alta - N NWT 24 .68** 8 12.77 8 
SW Alberta 5.14 6 1.2 ~ 
SW Saskatchenan 10.73 12 13.59 10 
SE Saskatchewan 16.02 8 2.37 4 
SW Manitoba 97 .59"# 10 10.46 19 
N Sask-N Man-W Ont 8.23 2 
E Ont - W Quebec 382.73#* 2 98 .64** 2 
Washington-Oregon 30.26" 14 20.31 14 
N California 14.13 14 2.96 8 
Intermountain 54.03%* 12 10.38 10 
High Plains 35.47** 12 45.38"* 12 
Missouri R. Basin 52.48<# 14 17.35 14 
Great Lakes 318 .46*# 28 99.37 ** 2 
Mid-Atlantic 197.99"# 14 2.55" 14 
NE United States 69.35"* 12 30 .68*¢ 14 
Continental total 924. 18** 30 195.47 #8 2 


Aathe test statistic is distributed approximately as x2 with df = twice the 
number of comparisons included. Sianificance levels: p<0.05 not indicsted, 
** o<0.01. Greater detail 1s shown in Appendix Table B-5. 


Table 8. Summary of results of testing the hypothesis that vdirect recovery 
distributions of mallards are similar during consecutive years or groups 
of years. 


Adult recoveries Immature recoveries 
Male Female Male Female 
Major reference ------- oo eee eee 
ares Test df Test <df Test dt Test <df 
N Alta ~- N NWT 5.94 6 2.74% 2 20.618* 6 4.03 4 
SW Alberta 1.2 6 0.2 4 4.2 4 1.13 2 
SW Saskatchewan 30.578" 8 1.66 2 19.198" 6 8.56 6 
SE Saskatchewan 14.70*8 G 0.72 2 22 .84** 4.32 G 
SW Manitota 17.00*< 6 11.41 A) 51.625" 6 17.958" 6 
N Sask- N Man-W Ont °4.5748* G 0.71 2 
E Ont - W Quebec 16.45 12 13.04 12 65.944" 12 76.568 12 
washington-Oregon 12.54 & 22.40** 6 32.18*¢ 8 9.36 8 
N California 11.87 8 21.39"* 8 108.38" 8 51.9788 6 
Intermountain 27.01** 6 28.494" G £3. 85** 6 31.29*5 6 
High Plains &5.38** 6 59.9t** 6 79.9528 6 89.4245 § 
Great Lakes 25.3% 14 89.93% 14 209.084 14 99.46" 14 
Mid-Atlantic 24.7998 8 44.05** 8 46.2082 8 2.44" 8 
NE United States 11.47 4 6.41 6 <6.7082 8 18.93 8 
Continental total 176.98** 28 195.74** 28 612.49" 30 301.3688 30 
athe test statistic 16 distribute” approximately as x2 with df = twice the 
number of cemparisons included. Siaqgnificance levels: p<0.05 not indicated, 


*™*¥ o<0.01. Greater detail is shown in Appendix Table B-6. 
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Table 9. 
during consecutive years or groups of 
Gistributions. 


Summary of results of testing the hypothesis that mallards banded 


years have similar indirect recovery 


Adult recoveries Immature recoveries 
Male Female Male Female 
Major reference ------- eS ee eee 
area Test df Test df Test df Test df 
N Alta - N NWT 12.46 6 2.72 2 9.39 ~ 4.935 2 
SW Alberta 6.99 2 0.03 2 2.22 2 0.64% 2 
SW Saskatchewan 27.79" 8 1.59 . 5.82 6 2.03 + 
SE Saskatchewan 4.39 4 7.2 ~ 
il) Maniteba er 6 1.88 4 8.10 6 13.29 ~ 
N Sask-N Man-W Ont 18.80** % 1.35 2 
E Ont - W Quebec 13.91 10 18.57 10 17.32 10 27.78** 10 
Washington-Oregon 15.62 6 38.75## 6 8.08 & 19.11%#* 6 
N California 7.65 ) 4.52 6 5.69 6 7.79 2 
Intermountain 24.00** 6 3.2 . 33.198 6 31.18"* 6 
Missouri R. Basin 18 .&6 & 19.86 8 11.45 8 8.73 8 
Great Lakes 13.47 14 13.39 {2 35.39"* 16 22.04 14 
Mid-Atlantic 10.84 6 7.58 6 3.92 6 14.33 6 
NE United States 10.47 6 1.31 4 11.36 6 4.36 6 
Continental total 130.978 28 90.57** 26 109.628 30 94 .65** 28 


@the test staiistic is distributed approximately as x2 with df = twice the 


number of comparisons included. 
ee p<0.01. 


Indirect Recovery Distributions During Consecutive Years 


We compared indirect recovery distributions of birds 
banded in consecutive years. or groups of vears, within ret- 
erence areas and within age-sex classes (Tables 0 and B-7) 
In contrast to the direct recovers: Comparisons discussed 
above. indirect recoveries of birds banded in consecutive 
vears often occurred in essentially the same hunting seasons 
For example. here we compared mallards banded in 1961 
and recovered during 1962-75 with mallards banded in 
1962 and recovered during 1963 75. Numerous small but 
significant differences (P < 0.01) were detected in, some 
reference areas and all age sex classes. Their combined 
effect vielded significant \~ test statistics at the continental 
level. However. magnitudes of these \> values were sub 
stantially less than corresponding statistics for direct re 
covers distributions during consecutive vears. We con 
cluded that these data provide further justification tor 


combining banding and recovers data across vears 


Summary of Age. Sex. Type of Recovery. and 
Between-vear Comparisons 


We found large differences between recovers distribu 
tions of local- and immature-banded mallards. particular 
in northern U.S. major reference areas. We therefore ex 
cluded local-banded mallards from further analysis. Sig 
nificant differences were also found between immature and 


Siqnificance levels: 
Greater detail is shown in Appendix ‘able B-7. 


p<0.05 not indicated, 


adult. male and female. direct and indirect. and annual 
recovery distributions. 

Direct recovery distributions of immatures and females 
were generally centered farther north (closer to banding 
sites) than those of adult males. Direct recovery distribu- 
tions of anv age sex class. because of the concentration of 
direct recoveries near banding sites. were almost always 
centered farther north than respective indirect recovery dis 
tributions. Indirect recovery distributions of immature 
males were centered nearer the middle of the breeding 
range than respective direct recovery distributions 

We concluded that distribution and derivation of the 
tnallard harvest could be described using four sets of data: 
(1) direct adult males. (2) adult females (direct and indi- 
rect adult. and indirect immature females). (3) direct imma 
tures. and (4) total (i.e. all age |locals excluded |. sex. and 
recovery types) However, the fourth « ategors also includes 
indirect recoveries of immature- and adult-banded male 
mallards. which are not included in the other categories 


Recovery Date Comparisons 


Dates on which mallards were harvested during the hunt 
Ing scasons present an additional means of Comparing age 
sex classes. We first modified recovery dates so that | Sep 
tember was represented by Day Lo Then for each mayor ret 
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Table 10. Summary of results of testing the effects of recovery type (R), age at banding (A), and 
sex (S$) on recovery dates of mallards from major reference areas. 


Parameters, estimates (days), and significance tests 


Major reference area Rec. type Age Sex R*A R* § A * §S R¥A¥*S 

(number of recoveries) est. p>t est. pt est. prt est. p>t est. pt est. prt est. prt 
N Pacific (198) “23.35 x ns ns ns ns ns ns 
N Alta - N Nwt (1950) “9.1 MK ns ns 16.0 ** 6.6 # -9.8 ns 
SW Alberta (1914) “7.9 * ns “5.0 20.9 ** ns ns ns 
SW Saskatchewan (5491) “5.4 x 4.1 «* “2.9 9.5 «x ns -5.8 ns 
SE Saskatchewan (1510) “8.3 6.8 ** -4.9 * ns -8.6 * ns -22.1 
SW Manitoba (4034) -11.1 =e 5.6 “4.8 #* 9.0 -~* ns ns -11.7 #*® 
N Sask-N Man-W Ont (8449) “13.1 x ns ns ns ns ns ns 
E Ont - W Que (10110) “14.9 ** 5.9 x “6.9 #* 5.4 ** ns at * ns 
Washington - Oregon (5893) -12.3 ** 6.8 #** -3.7 x 8.4 *# ns -5.0 ** ns 
N California (3342) “12.3 «* 10.1 «* -3.4 # 9.6 ** -5.4% * ns ns 
Intermountain (4131) “8.4 5.4 #* “3.9 0 8.5 #* 4.2 ad ns ns 
High Plains (6744) -13.1 ** 5.8 -7.2 ** 5.8 ** 5.4 -4.1 * ns 
Missouri R. Basin (11960) “6.9 *# 6.8 ** “6.4 #® 8.6 8.0 ns -9.7 
Great Lakes (15808) “8.1 Me 7.0 -7.8 ** 10.5 * 6.9 #* -3.0 “8.9 He 
Mid-Atlantic (4°05) “6.4 m*™ 5.5 -4.7 3.6 ad ns “4.2 He ns 
NE United States (3743) -7.5 4.0 * ~G.1 0 * ns ns ns ns 


ie 


8T0 levels of each main effect were compared; recovery type (direct - indirect), age at banding 
(adult - immature), and sex (female - male). Parameter estimates (est.) are shown only for effects 


that were significant (*® p>t = 0.055 **® prot = 0.01). Lack of significance is indicated by "ns". The 
interaction hetween the effects of recovery type (R) and age (A), for exanple, is shown as "R * A™. 
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erence area we examined the ettects of type ot recovers 
(direct or indirect). age at banding (adult or immature) 

and sev omale or female) on recovers dates. As used here. 
type of recovers is a measure of age. 

There were consistent effects of recovery type. age at 
banding. sex. and interactions among main effects within 
most reference ateas (Table 10). For example. a significant 
interaction between recovery type and age (R*A) simply 
means that the effect of recovers type was not the same 
over all ages. or vice versa. Direct recoveries generally 
occurred earlier during the hunting season than indirect 
recoveries. Mean recovers dates for immatures were earlier 
than dates tor adults. and females were recovered earher 
than males. 

We combined recoveries from bandings in all areas and 
repeated the analysis (Table 11) because the parameter esti- 
mates did not vary greatly from one reference area to the 
next. All main effects and interactions were again highly 
significant. with parameter estimates of similar magnitude. 

As an extension of our recovery date analysis. we sub- 
divided indirect recoveries into HSS-2 (birds harvested dur- 
ing their second hunting season after banding) and HSS3-N 
Classes (Table 12). Most of the interaction terms were not 
significant. but differences due to recovers type. age. and 
sex were still found within most reference areas. We again 
combined recoveries trom all reterence areas (Table 13) 
Parameter estimates were generally smaller but = direc- 
tionally consistent with previous results. The largest de 
tected 


(S.4 days) and recovers type (3.3 days) 


differences, were between females and males 

Recovers date differences were consistent within age sex 
classes (Table 14). For birds banded as immatures. HSS3-N 
recoveries occurred at a significantly later date than HSS-2 
recoveries. Which in turn occurred at a significantly later 


HSS. 1 


showed the same pattern. but not to the same extent 


date than direct recoveries. Birds banded as adults 
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There are apparent differences in dates of recovers 
bevond the first vear after banding and. quite possibly. dis- 
tributional ditferences. We can only speculate on the impor- 
tance of these differences. since Botkin and Miller (1974) 
concluded that the prevailing hypothesis of constant annua! 
mortality among adult |irds (age-independent) was ques- 
tionable. With few exceptions (e.g.. Model H3 in Brow nie 
L9TS:SO), the 
assumption that survival and recovers rates are age- 


et al. survival rate estimation requires 
dependent only for the first vear of life. Differences in dates 
of recovers and geographic distribution raise the possibility 
that survival or recovery rates may also change as a func- 
tion of vears after banding. The effects of such changes in 
survival or recovery rates on estimates of these rates are 
examined in Appendix C. A summary of results obtained 
under Model | of Brownie et al. (1978) is presented here. 

It recovers rates increase as a function of vears after 
banding. then recovers rates will be underestimated and 
Alternatively. it 
recovery rates decrease. then recovers rates will be over 
The effects 
of changes in survival rates are opposite those of changes 


survival rates will be overestimated. 


estimated and survival rates underestimated 


in recovery rates. Recovery rates will be underestimated 
and survival rates overestimated (for most vears) if survival 
rates increase as a function of vears after banding: decreas 
Ing survival rates cause overestimates of recovers rate and 
underestimates of survival rate 

The magnitude of bias in survival of recovers rate esti 
mates is affected by the extent to which the true rates vary 
with vears after banding. Fortunately. power of the good 
ness-of-fit test to reyect the model increases with larger 
changes in survival rates. However. the test has vers little 
power to detect such changes in recovers rates 

We conclude that the data would usually be reyected by 
the goodness-of-fit test if mallard survival rates actually 
changed as a function of vears after banding. Although the 


Table !1. The effects of recovery type, age at banding, and sex on recovery 
Gates of mallards. 
Estimate 
S o ure¢ce df Sum of squares F value p>F (Days) 
Model 7 54667831.4 775.19 060.0001 
Rocovery tyne (R) (1) 1942208.1 1539.69 06.0091 -9.3 
Aqa at banding (1) 8935395.1 887.21 0.0900! 7.0 
Sox (1) 7$67261.4% 761.43 9.000! -§.5 
R * Agqe interaction (1) 342450.1 359.70 909.9001 9.C 
RP * Sex interaction (1) 785960.1 78.39 0.0901 4 2 
Age * Sex interaction (1) 61447.7 61.09 0.06091 3.7 
R «= hoo * Sex interaction (1) 62°89. 3 62.56 0.000! -6.2 
Error 235% 223934355.6 
Corrected total 82371 88462187 .0 
Ansay 1 = 1 September. Inewact recovery dites were excluded. All mayor 
reference and harvest areas and 1961-75 hunt ng seasons were combined. 
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Table 12. Summary of results of testing the effects of recovery type (R), age at banding (A), and 
sex (S$) on dates of indirect recoveries of mallards from major reference areas. 
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Parameters, estimates (days), and significance tests 


Major reference area Rec. type Ace Sex R =A R * 5S A #5 R*A#S 

(number of recoveries) est. p>t est. pt est. pt est. pt est. pt est. prt est. prt 
N Pacific (70) ns ns ns ns ns ns ns 
N Alta - N Nwt (978) ns -4.7 * ns 14.2 ns ns ns 
SW Alberta (1098) ns -6.7 -8.6 #* ns ns ns ns 
SW Saskatchewan (3053) ns ns “4.5 mK ns ns ns ns 
SE Saskatchewan (808) ns ns ns ns ns ns ns 
SW Manitoba (1864) “5.5 ns aie PT * ns ns ns ns 
N Sask-N Man-W Ont (354) ns ns ns ns ns ns ns 
E Ont - W Que (3662) “4.5 MH 2.9 * “8.2 ** ns ns ns ns 
Washington - Oregon (2243) ns ns -4.4 4% 7.3. ns ns ns 
N California (1420) “5.2 x 5.2 ns ns ns ns ns 
Intermountain (2096) -4.1 ns “5.1 Me ns ns ns ns 
High Plains (3547) -7.Q0 * ” * -9.3 =e ns ns ns ns 
Missouri R. Basin (5859) ns 2.6 “9.9 HM ns 4.8 ## ns ns 
Great Lakes (6772) “G.2 HR 1.6 * -10.9 H* ns ns ns ns 
Mid-Atlantic £2123) -3.9 MH 3.9 -5.6 ns 5.8 * ns ns 
NE United States (1379) ns ns -6.0 ns ns ns ns 


Ato levels of each main effect were compared; recovery type (HSS2 - HSS3-N). age at banding (adult - 
immature), and sex (female - male). HSS2 represents birds harvested during the second hunting season 
after banding; HSS3-N represents birds harvested during the third through Nth hunting season after 
banding. Parameter estimates (est.) are shown only for effects that were siaqnificant (* p>t = 0.05; 


** p>t = 0.01). Lack of siqnificance is indicated by "ns". The interaction between the effects of 
recovery type (R) and age (A), for example, is shown as "R * A™. 
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Table 13. The effects of recovery _ type, age at banding, and sex on dates of 
indirect recoveries of mallards. 
Estimate 
$ 0 vuree df Sum of squares F value p>F (Days) 
Model 7 821955.6 136.99 0.0001 
Recovery type (R) (1) &8&C86.9 83.26 0.0001 -3.35 
Age at banding (1) $2213.1 469.35 0.0001 2.5 
Sex (1) 579362.9 547.63 90.0901 -8.4 
R * Age interaction (1) 12356.0 12.53 0.0004 + 
R *= Sex interaction (1) 44.9 0.04 90.8368 a 
Age * Sex interaction (1) 1439.0 1.36 0.2435 -0.8 
R * Aqe * Sex interaction (1) 35.9 9.03 0.8538 -§.3 

Error 3722 39383210.5 

Corrected total 37233 40205166.1 

Bday 1 = 1 September. Inexact recovery dates were exciuded. Indirect 


recoveries were split into HSS$-2 


and harvest areas and 


model was insensitive to similar changes in recovery rates. 
we do rit eApect these Changes to be large enough to appre- 
Glably bias survival rate estimates. We further conclude that 
results generally parallel those of our geographic distribu- 
tron comparisons. although differences in mean recovers 
dates were small. For instance. we previously concluded 
that direct Immature male and female recovery distribu- 
tions were sufficiently similar geographically to allow their 
combination: their mean recovery dates differed temporally 
by about | days) Our data suggest that differences in dates 


of recovery are age- and sex-dependent beyond the first vear 


and HSS3-N categories. 
1961-75 hunting seasons were combined. 


All major reference 


ave class. Anderson (1975-18) concluded there was insuf- 
ficient evidence that mallard subadult survival or recovers 
rates were different from adult survival. although his test 
results were not conclusive. Hopper et al. (1978) found no 
differences in survival or recovery rates between subaduit 
and adult mallards banded during the winter. although 
thes found substantial distributional differences in recovers 
patterns. We suggest that these age- and sex-specific dif- 
ferences in timing of recovery (harvest) may be related to 
differential vulnerability. but differential availability 
(timing and rate of movement through harvest areas) cannot 





of lite. and to some extent provide evidence tor a “subadult™ — be discounted. 


Table 1%. Mean dates of mallard recoveries by aqe, sex, and three categories 
of time between banding and recovery (all major reference and harvest areas, 


and 1961-75 hunting seasons combined) .4 

Male Female 
Time? Immature Adult Immature Adult 
HSS-1! 62.78 c 77.790 61.73 69.87 

>ee >= >“ ~s 
HSS-2 77.59 81.86 69.61 72.91 

Sue >NS >#* >NS 
HSS3-N 82.12 83.72 74.16 75.05 


~—-—<-<——<———————<—<—<———— = = = — — eee rr Hr wr wr wr nr er rer wr rr rer Or Kr Or Orr wr rr rr rr er rrr rr er rer er ee 


8day ! = 1 September; Day 80, for example, 19 November. Inexact recovery 


dates were excluded. 


Duss-1 represents birds harvested during the first hunting season after 
banding; HSS-2 represents birds harvested during the second hunting season 
after banding; HSS3-N represents birds harvested during the third through Nth 
hunting season after banding. 


Cccheffe's method of multiple comparisons (Kleinbaum and Kupper 1978:271-276) 


was used to test for differences between means. Significance levels: * 
p<0.05 and ** p<0.01. 
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Distribution of Mallard Harvest from 
Breeding Reference Arcas 


Harnest drinbution was based on recoveries that were 
each adjusted tor band reporting rate. Indirect recoveries 
were adjusted with the estimated reporting rate for the re- 
covers sear. Population weighting was not necessarn be- 
cause each referees area was addressed separatels 

Table 15 shows percent distribution of the harvest of 
adult males from major breeding ground reference areas 
to harvest areas as previously defined. Tables 16. 17. and 
IS show the same information for adult female. immature. 
and total mallards. Teo maps were prepared for eaci: 
major reference area to facilitate presentation of these data: 
(1) a map showing harvest distribution by age-sex class 
among Alaska Canada. the flywavs. and High (west) and 
Low (east) Plains portions of the Central Flyway (separated 
bn the 100th meridian): and (2) an adjoining map show ing 
distribution of the total mallard harvest among harvest 
areas. based on direct and indirect recoveries of all age-sex 
classes. except locals. A brief description of harvest distr- 
bution from each major reference area is presented here. 

N Pacific. — Distribution of the harvest from this area was 
based on a small sample of 226 recoveries (Table 1S). The 
harvest occurred mainly in Alaska Canada and the Pacific 
Flyway (Fig. 2). British Columbia. Washington. and Ore- 
gon accounted for 84.35 of the total mallard harvest 
(Fig. 3). 

N Alberta) N Northwest Territories. Uarvest from this 
area Was Well distributed among Canada and the flvways 
(Fig. 4). except for the Atlantic Flyway. Immatures (49°. ) 
predominated in Canada. Based on total mallards (Fig. 5). 
Alberta (18.9% ) and Washington (10.7. ) were major har- 
vest areas. Some of these birds move across the northern 
portion of the High Plains. the Low Plains. and into west- 
ern Mississippi Flyway States such as Arkansas (7.3. ) and 
Louisiana (5.8%: ). 

SW Alberta.— The Pacific Flyway (33°. ). Canada 
(31°) ). and the Central Flyway (25: . including 16°. in 
the High Plains) received the major portion of the total mal- 
lard harvest from this area: the harvest of immatures (59. ) 
and adult females 38°.) occurred mainh in Canada. 
whereas that of adult males (40°) ) occurred mainly in the 
Pacific Flyway (Fig. 6). Major harvest areas (Fig. 7) were 
Alberta (28.65). Idaho (115°). and Washington 
(12.3'.) 

SW Saskatchewan 
the major recipient of the total mallard harvest from: Chis 


The Mississippi Flyway (425) ) was 


area (Fig. S): most of the remaining harvest was equally 
divided between Canada and the Central Flyway (both 
“6°. ). A higher preportion of total mallards from this area 
was harvested in the Low Plains (1S‘. ) than in the High 
Plains (S© ). The immature harvest (46°) ) occurred snainls 
in Canada. whereas 42. 44°. of the adult harvest occurred 
in the Mississippi Flyway. Major harvest areas (Fig. 9) were 


BEST GOCuacuT 
bw i id UW Sid b Hi 


Saskatchewan (IOS 
MeL 

SE Saskatchewan 
of the Mississippi Flyway. and the decreased importance 


and Louisiana 


Arkansas (13.1 
Except for the increased importance 


of the High Plains. distribution of harvest from this area 
(hig, 10) was similar to that from SW Saskatchewan 
(Fiz S). Immatures (47°. ) were harvested mainly in 
Canada. whereas adults (males. SS’. : females. 51 ) were 
harvested mainly in the Mississippi Flyway. Most birds from 
this area move south into the Low Plains and then south- 
cast into the Mississippi Flyway. Major harvest: areas 
(hig. 11) also included Saskatchew ar (22.7'. ). Arkansas 
(14.550). and Louisiana (10045. 5. 

SW Manitoba 
Canada (39° ) accounted for mest of the total mallard har- 
vest from this area (Fig. 12). Among the four southern 
Canadian reference areas from Alberta to Manitoba. this 


The Mississippi Flyway G47‘. ) and 


area contributed the greatest percentage of its total mal 
lard harvest to Canada. The two reference areas in south- 
etn Saskatchewan and the SW) Manitoba area showed simi- 
lar patterns of harvest distribution. such as (1) the Missis- 
sippi Flyway as the major recipient of adult and total mal- 
lard harvests. (2) Canada as the major recipient of the 
immature harvest. (3) a higher percentage of adult females 
than adult males harvested in Canada. and (4) Arkansas 
as the major harvest area in the United States (Fig. 13). 
About 10° of the total mallard harvest from this area 
occurred in the Low Plains. 

N Saskatchewan N Manitoba W Ontario. Although a 
reasonable number of recoveries was available (1.002 for 
total mallards). the banding distribution was probably too 
heavily concentrated along the southern margin to be rep 
resentative of the entire area. The Mississippi Flyway domi. 
nated in the harvest represented by these bandings with 
34°. of the adult males. 69°. of the adult females. 57°. 
of the immatures. and 615. of the total mallard harvest 
(hig. 14). This was the only Canadian reference area from 
Which more immatures were harvested in the United States 
than in Canada. Major mallard harvest areas (Fig. 15) were 
Manitoba (12.150). Minnesota cll4'5.). and Ontario 
(SSO) 

F Ontario W QOueber 
erence area for which the total harvest in Canada (61°. 


This was the only Canadian ret 


exceeded that in the United States (Fig. 16). and for which 
most of the harvest in the United States occurred in the 
Atlantic Flyway (2350). Ontario accounted for 5LS). of 
the total mallard harvest from this area (Fig. 17) 
Washington Oregon. For total mallards. 95°. of the 
harvest from this area remained within the Pacific Flyway 
(hig IS) and SO.6°) remained within the reference area 
(hig. 19). Other than Washington and Oregon. California 
(11.2. ) and British Columbia (3.65  ) were the major har 
vest recipients 
\ California, Ninety-nine percent of the harvest from 
this areca remained within the Pacitie Flyway chig. 20) and 


We within California (Fig. 21) 
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Intermountain. — Most of this reference area is in the 
Pacific Flyway. and 83°. of the total mallard harvest re- 
mained in the Pevway (Fig. 22). A large percentage (71.45. ) 
of the total harvest of these birds occurred within the ref- 
erence area (Fig. 23). The higher incidence of adult females 
(15°. ) than adult males (4 ) in the Central Flyway from 
this atea probably ts not meaningful. This difference ap- 
parently resulted from the banding of relatively large num- 
bers of immatures and few adults near the eastern boundary 
of the area. and our inclusion of direct recoveries of adult 
females with indirect recoveries of immature females. About 
1‘. of these birds were harvested in the Low Plains. 

High Plains. This area is almost entirely within the 
Central “Iwway (Fig. 24). Eighty-six percent of the total 
mallard harvest remained within the Flyway. However. 
the high percenta <- (79% ) of harvest in the High Plains 
portion of the Central Flyway and the 64°) harvested in 
Eastern Colorado (Fig. 25) are biased upward by unrep- 
resentatively large numbers of birds banded in the San Luis 
Valley at the southern extreme of the reference area. About 
25°. of the recoveries from mallards banded preseason in 
Eastern Montana (northern extreme of the area) were re- 
ported from the Mississippi Flyway (Anderson and Henny 
1972). 

Missouri River Basix, — The Mississippi Flyway domi- 
nated in the harvest fron, his area (Fig. 26). although the 
major portion of this area iy as (tye Central Flyway. Large 
banded samples in the northeastern portion (western 
Minnesota) of the reference area overemphasized impor- 
tance of the Mississippi Flyway in the harvest (67°: ) of birds 
from this area. Minnesota, with 23.36 of the total mallard 
harvest (Fig. 27). dominated as a harvest area. with 
Arkansas (10.8S°: ) second. About 5‘. of the mallard harvest 
from this area extended to the High Plains. whereas 17°. 
remained within the Low Plains. 

Great Lakes. — Fighty-three percent of the total mallard 
harvest from this area. located entirely within the Missis. 
sippi Flyway. remained within the Flyway (Fig. 28). The 
Atlantic Flyway was second in importance with 8’. of the 
total mallard harvest and 15°. of the adult males. Wiscon- 
sin was the major harvest area (34.8% . Fig. 29). 

Mid-Atlantic. — All of this area. except for Ohio. is in the 
Atlantic Flyway (Fig. 30). Seventy-three percent of the 
combined harvest occurred in the Atlantic Flyway. 1S) 
in the Mississippi Flyway. and 8% in Canada. As noted 
earlier with respect to the Intermountain area. the inclu 
sion of indirect immature female recoveries to represent the 
harvest of adult females probably exaggerated the distri- 
bution. The most prominent harvest areas (Fig. 31) were 
New York (34.95 °). Pennsyivania (13.45 ). 


(6.35) 


NE United States. — Most of the harvest from this area 
is distributed in the Atlantic Flyway (Fig. 32). The relative 
dispersion of adult females to adult males is also probably 


and Ohio 


exaygerated. The most prominent harvest areas (Fig. 33) 
were New York (30.55 ). New England (19.35. ). and On. 


~~ ee ee Oe 


tario (15.9%. ). However. both here and in the Mid-Atlantu 
the importance of New York is exaggerated by the relativels 


high intensity, of banding there. 


Comparison of Harvest Distribution from 
Banding Data and Harvest Survey Data 


Percent distribution of the total mailard harvest in the 
United States. based on banding and recovery data used 
in this report (1961-75). is compared in Table 19 with the 
distribution indicated by harvest survevs (1966-75) as sum- 
marized by Carney et al. (1978). Both are estimates and 
it would be inappropriate to view one as a “check” on the 
other, However. we have greater contidence when these 
independently obtained estimates agree with each other 

Banding and harvest data agreed most closely in the Mis- 
sissippi Flyway: both data sources indicated that Arkansas 
was the area of greatest mallard harvest in the United States 
(Table 19). Harvest in the combined Pacific and Central 
flywavs was 48.8% as indicated by banding data and 
49.2°. by harvest surveys. Banding data suggested that the 
larger portion of harvest occurred in the Central Flyway. 
but harvest data suggested that the Pacific Flyway harvested 
the larger portion. Geis (1971) demonstrated a similar pat- 
tern of disagreement using a more restricted banding and 
harvest data set (1966-68) and State- and Province-defined 
population weights. We suspect the discrepancy in Cali- 
fornia is due to a lack of banded birds in important source 
areas. Birds banded in Colorado's San Luis Valley were as- 
signed population weights for the High Plains. which 
resulted an a overweighting of these birds and an overesti- 
mate of the harvest. San Luis Vallev mallard recoveries also 
were reported at unusually high rates associated with 
experimental seasons (Hopper et al. 1975). 


Derivation of Mallard Harvest from 
Breeding Reference Areas 


Harvest derivation (Tables 20-23) was based on re 
coveries that were cach adjusted for band reporting rate 
and then population-weighted (see Methods). Reporting 
rate adjustments were based on the recovery vear. whereas 
population weights reflected the band vear. Estimates of 
harvest derivation rely on accurate preseason population 
estimates, and adequate and representative banding of all 
population segments: for these and other reasons caution 
must be exercised in their interpretation. For example. 
banding effort was low in Eastern Wyoming compared to 
other Central Flyway States. This perhaps led to an under 
estimation of the importance of locally derived birds and 
a consequent overestimation of the importance of birds from 
other areas. 

We have simplified and summarized information con 
tained in Tables 20 23 by) presenting two maps (Ap 
pendix D) for harvest areas that accounted for 05°. of 
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Table 19. 


Percent distribution of the total mallard harvest 


in the contiquous 


United States comparing estimates from preseason banding data (1961-75) with 
estimates from harvest survey data (1966-75). 
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Mississippi Flyway 


8cCarney et al. (1978). 


more of the total mallard harvest (sce Table 23): (1) a map 
showing percent derivation of harvest from each of the ref- 
erence areas, and (2) an adjoining map showing harvest 
derivation similarity indices (see Methods) between the 
harvest area and other areas. The New England States have 
been combined on the similarity maps. Instead of discuss 
ing harvest derivation for every area. we will limit our dis- 
cussion to selected. representative areas 

Alberta. The N Alberta -N North-cest Territornes and 
SW Aiberta reference areas accounmed for 78.7. of the har 
vest in Alberta (Fig. D-3). Alberta is similar in harvest deri- 
vation ates in both the Pacific and Central fhways. 
which is indicated by similarity indices equal to or greater 
than WO (shaded) in Washington, Idaho. Eastern Montana. 
Eastern Wyoming. and the western portions of South 
Dakota, Nebraska. Kansas. and Texas (Fig. D-4) 


ee ee | Pa ae ”~ 


bow u ww~ . . . 


Harvest Banding Harvest 
area data data 
Central Flyway 
MT-E 0.7 0.7 
ND 3.4 4.1 
S$ D 2.6 3.0 
WY-E ‘3 0.5 
NEB 4.1 3.2 
CO-E 7.4% 2.1 
Ss 2.5 2.9 
NM-E 0.5 0.2 
OK 2.0 1.8 
™X 3.3 2.8 
27.8 21.2 
Atlantic Flyway 
ME tr 0.1 
VT 0.1 0.1 
NH tr 0.1 
MASS 0.1 0.3 
cr tr 0.2 
R I tr tr 
NY 0.9 1.9 
PA 0.6 1.4 
WV 0.1 tr 
N J 0.2 0.6 
DEL 0.2 9.3 
MD 0.4% 0.8 
VA 0.5 0.5 
NC 0.3 0.4 
$c 0.7 0.5 
GA 0.3 0.2 
FL 0.1 0.1 
4.5 7.4 


Saskatchewan. More than 75°" of the mallard harvest 
in this area is derived from within the Province. With the 
exception of Minnesota. adjoining States on the Central 
Mississippi Flyway boundary were most similar to Sas 
katchewan in harvest derivation (Fig. D-6) 

Manitoba. Locally derived birds from SW) Manitoba 
comprised 40°" of the total mallard harvest. Mississippi Fly 
wat States were most prominent in sharing common sources 
of harvest with Manitoba (Fig. D-S) 

Ontario. States in the Atlantic Flyway. particularly 
from Pennsvivania south to North Carolina. were associated 
with Ontario in harvest derivation (Fig, DLO) 

Washington and Oregon The three westernmost 
breeding reference areas in Canada accounted for 74. of 
the harvest in Washington (Fig. D-11) and 63 ithe har 


vest in Oregon (Fig) I-13). Most of the remainder of the 


— 











harvest came from the reference area comprised of these 
two States. 

This ha:vest area. which totally encom- 
passes its main source of harvest (57.77 from N California 
in Fig. D-15). appears to be isolated from the rest of the 
Pacific Flyway. However, the apparent isolation or lack 
of similarity with other areas in harvest derivation 
(Fig. D-16) is influenced by California’s coastal location. 

Western Montana. — This area derives most of its har- 
vest (57.5 ) from the Intermountain area (Fig. D-17). of 
which Western Montana is a part. High similarity indices 
(Fig. D-1S) with other States in the same reference area 
are to be expected. 

Idaho. — SW Alberta and the Intermountain area were 
the most important sources of harvest in Idaho (33.8 and 
32.3°. respectively. Fig. D-19). Idaho is most similar in 
harvest derivation to areas from Alberta to Arizona. and 
Eastern Montana and Eastern Wyoming (Fig. D-20). The 
extremely low similarity index (13) between Idaho and 
Western Wyoming is believed to be a result of too few re- 


California. 


coveries in the latter, geographically small. harvest area. 
For example. a single recovery from N Saskatchewan 
W Manitoba W Ontario accounted for 87.5‘: of the mal- 
lard harvest estimated for Western Wyoming. 

Eastern Colorado. — The intensity of banding in the San 
Luis Vallex of south-central Colorado overemphasized 
importance of the High Plains as a source of harvest for 
Eastern Colorado (S1.9°. in Fig. D-27). and urderempha 
sized similarity in harvest derivation with other High Plains 
and Low Plains areas. Other areas similar in harvest deri- 
vation were Western Colorado and New Mexico (Fig, D-28). 
In their analy sis of Valles -banded mallards. Hopper et al 
(1975) showed that less than 10 
and less than 20 


of the direct recon cries 
of the indirect recoveries occurred out 
side ofl Colorado and New Meatcoo 

Western North Dakota. Lastern North Dakota. and Last- 
crn South Dakota 
a group because thes shared common derivation charac 


These harvest areas are discussed as 


teristics. The three most important source areas were (1) 
Missouri River Basin. 37.10. 30.45. 0 and 27.0 
tively. for each harvest area: (2) SW Saskatchewan, 22.2°. . 
IS.6°) . and 22.3°. : and (3) N Alberta N Northwest Ter- 
ritorties, WBA ANS Cand 13.1 (Figs. D-29. D-33. and 
1-35). Their sources of mallard harvest (similarity in 


dices 


: respuet 


> W) were also similar to Saskatchew an. the eastern 
tier States (generally both High and Low Plains portions) 
inthe Central Flyway. and most of the Mississippi Flyway 
(higs D230. D394. and D-36 

Lastern Nebraska. bastern Kansas. astern Oklahoma 
and Lastern Texas. These harvest areas. all of which are 
within the Low Plains. derive 203800 of their mallard har 
vest from SW Saskatchen an VW 1S). trom SE Sakatche 
wan. and 13 15°. trom N\ Aberta N Northiost Territortes 
D337. D390. Deal. and D-43 


similar patterns of harvest deri ation meluded Saskatcle 


OiMther areas with 


. t 
i} 1s 


wan. kastern Miontana. the remamiong eastern tier States 


rom 
hew . - 


(both High and Low Plains portions) of the Central Fly- 
wat. and most Mississippi Flyway States except for the 
northern tier (Figs. D-38_ D-40. D-42. and D-44). This por 
tion of the Low Plains is equally samilar in harvest der a- 
tion to the western tier of Mississippi Flyway States and 
adjoining (High Plains) portions of these States 
These harvest 
areas are discussed together because (1) thes receive bess 
(Figs. D-41. D-43. and D-45, of their total 
mallard hanest from the four southern Canadian reference 
areas (SW Alberta. SW and SE Saskatchewan. and SW 
Manitoba) and (2) each derives about 20°. oF more of its 
harvest from N Saskatchewan N Manitoba W Ontario 
Similarity indices (Figs. D-46. D-48. and DW) are also 
comparable and include a number of harvest areas in the 
Atlan hhway. The main source of mallards. however. 
is different for Minnesota (48.5% from the Missouri Rit cr 
Basin) compared to Wisconsin and Michigan (55.1 
46.1°. from the Great Lakes) 

lowa and Illinois Both of these areas derive almost 
40°" (Figs. D-51 and D-53) of their harvest from the four 
southern Canadian reference areas and about 25°. 


Minnesota. Wisconsin. and Michigan 


than about 15° 


and 


from 
the Missouri River Basin and Great Lakes areas combined 
N Saskatchewan N Manitoba W Ontario is also an impor 
tant source of mallards and accounts for another 20°. of 
the total mallard harvest in these areas. Their similarity 
in harvest deris ation is further reflected by similarity indices 
(Figs. D-52 and D-54). Both areas have high indices with 
Saskatchewan and Manitoba. the Dakotas south to Texas. 
and States cast to Georgia. 

There 
are similarities and differences in harvest derivation for 


Missouri. Arkansas. Louisiana. and Mississipyn 


these areas. although the differences are mosth gradual 
Changes in derivation. All rely on the four southern Cana 
dian reference areas for WO 6E0. (Pigs, D355. D5. DOI 
and 10-63) of their total mallard harvest. 22 32>. trom 
N Alberta \N Northwest Territories and N Saskatchewan 
N Manitoba W Ontario coanbined. and 11 13°. tron the 
Vissount River Basin. lidices (Figs, D596. D600, D682. and 
1-64) also suggest similarity in harvest derivation to Sas 
katchewan and Manitoba. eastern tier States (both High 
and Low Plains portions) of the Central Flyway. and most 
Mississippi Flyway States except the northern ther 

New York and Pennsyltania, The importance of b On 
fario W QOucher tothe total mallard harvest in these areas 
is alent 37 D-65 and D067). N Saskatchen an 
N Manitoho W Ontario is also an important source of mal 
lards for these areas. New York derives more of its mallard 
‘trom the NEO Onited States than does Penn 

The Creat Lakes and Mid-Atlantic reter 
ence areas also differ in their importance as sources of mal 


(kigs 


harvest (14 3 


shania (2.8 


lards for New York and Penney ly ania 

South Caroling This harvest area ts representative of 
the southeastern Atlantic Flyway on termes of magnitude and 
The total harvest mn thas 


from the Great Lakes IS 9 in 


dens ation ot the mallard harvest 


area is derinved mains 
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Sharvest derivation was based on direct and indirect recoveries of all age and sex classes. except locals, that 


The relative contribution of each major 


importance of each harvest area to the total 


each adjusted for band reporting rate and then populatton-weighted 
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hig. D4). Fb Ontano W Qucher (24.4. \. the Missoun 
Rucr Basin 12.7) ). and N Saskatchewan N Manitoba 

W Ontane 10.6 This area s somular (Fig. I-70) to raest 
Mississipps Fh»uay States except the western tier (Minne- 
seta to Lousiana). and te most areas in the Atlantic Fly 


wat other than New York and New England 


Within-season Derivation of the Mallard Harvest 


Weekh derivation of the total mallard hanest by har- 
vest area ts shown in Table E-2 for week: that contributed 
1°. or more of the area’s harvest. Corresponding dates of 
weekly periods. which begin on | September. are shown 
in the introduction to Appendix FE. These data are presented 
primarily as reference material. Thes should be interpreted 
cautious. because varving intensities (including lack) of 
banding in particular breeding reference areas. \ears. and 
varning season lengths could indicate a temporal change 
in harvest deri ation that is unjustified. This caution ts espe- 
cially appropriate with respect to the N Pacific, NAL 
herta NN) Northwest’ Territories, awd N Saskatchewan 
\ Manitoba Wo Ontario reference areas where banded 
samples have been small and variable during the 1961-75 
period. The column labelled “Imp” shows percent distri- 
bution of harvest among weekly periods for the harvest 
area. Valoes in this column are affected In vaning numbers 
of season-da\s among time periods over vears. Thes indi- 
cate time .» jods during which hunting seasons were most 
often open and relative importance of the harvest among 
time periods. In the following discussion we identify 
apparent temporal changes in harvest derivation of mal- 
lards in selected areas 
Weeks 6 (6 12 October) to 21 (19 25 Jan- 
or oe ce of the harvest. Per- 
(Week 6; 
(Week 7). This suggests that Week 6 was a period 


+h | avhungton 
uary) were represented by | 
cent distribution of the harvest ranged from 1.8) 
to 4.3) 
of small harvest and also that the seasons frequently began 
earth in Week 7 (13-19 October). because large harvest 
values are associated with opening days Regulation rec 
ords show that the season opened Late in Week 6 (earliest 
date 10 October) in 7 of the 15 vears and in the early of 
middle part of Week 7 in S of the 15 vears (see Table A-2 
in Martin and Carnes 1977). Mallards from Washington 
Oregon contributed more than one-fourth but less than one 
half of the harvest for Weeks 6 through S (6 26 October) 
bor Weeks 10.03 9 Nowember) through 21.19 25 January) 
more than four-fifths of the harvest «as derived from Cana 
dian reference area 
bor Weeks 6 through 4 (6 October 2 Nowerm 
ber) locally derived mallards (Washington Oregon and 


Oregon 


\ California) comprised a minimum of three fourths of the 
For Weeks TL 10 16 Nowember) through 21 


19 25 January) the maximum contribution from thes 


farvest 


local areas was less than one-thord of the harvest. and der 
vation from Canada clearly surpassed local deriy ation 


. “~ — - a] o 


b... Fr iw we" -t * 


idaho aad Western Montana In both of these hanes 
areas det ation shifted from bocal to Canadian mallards 
During Weeks 6 through 10 


aber) the average percent contribution 


at about the same time 
(6 Octaber © 
from the Intermountain area to Idaho was 49°. | For sub- 
sequent weeks (11 21) this average dropped to 27 Cann 
parable average percentages for Western Montana wer 
76°. for the early 6 10) and 38°. for the late (1 1) 
works. 

California. Particularly in the early weeks but through- 
out all weeks. bocally derived mallards from \ California 
and Washington Oregon were most important in Cali 
Their contribution to the harvest in Cali 
fornia dropped below 0. in onky one period (19) 

Nevada and Utah. — The 


appeared to be an important source of harvest tor all weeks. 


fornia’ s harvest 


hacal Jnutermountain area 
although data for these States were somew hat erratic duc 
to small numbers of recovernes. A shift tow ard more Cana 
dian mallards after Week 7 (13-19 October) was indicated 

Lastern Montana. Locally derived High Plains; mal 
lands comprised more than one-half of the harvest tor 
Weeks 5 through S (29 September 26 October). but bess 
than one-third during the remaining weeks 

hastern Colerado. Consistent opening season dates 


of Week 5 


Local der ation comprised 


were incheated by the high importance 314 
(24 September 5 October) 
more than 95°. of the harvest om Weeks 5 through 7 
(29 September 19 October) and more than 0). of the har 
vest through Week 1S (29 December 4 January) 

Lastern Dakota In these areas. a nwoderate denn ation 
shift was suggested from Weeks S te 4 (20 October 2 No 
vember). when bocally derived (| Missount River Baan) mal 
lards decreased in importance 

\vhraska Both High 
and Low Plains portions of these States appeared to be oon 


Kansas. OMlahoma. and Teras 


sistent in source of harvest throughout the season Percent 
age changes. which are believed to have resulted mainly 
from sampling variation. did net form a pattern. Relative 
consistency in harvest deris ation appears to be affected bn 
later opening season dates, by which time mallards from 
more areas are avatlabl 

These States 


appeared to harvest mainly locally derived binds tor the first 


Minnesota, Wisconsin. and Michigan 
te WW weeks ot thre ft ways Visswonrt er oT Ravin amd Core at 
Lakes mallards averaged over 0 om the harvest: tos 
Weeks 5 (29 Sepote tiber 5 October) through & (27 Oto 
I» 2 Newetnher) and bes than W) 


turds from oeore northern breeding aneas are still north of 


therealter Apparently 


these States when ther hunting seasons oper 
low a chearl cithenent 
although the contributions of SW Sa kate hen an MS 


in Table 23) Mh tor the 


Demporal derivation was 


and the Viweurt Riteor Basin 


total lowa mallard harvest were the sarm 1 be Viswourt 
iv livw as thal 
lard have M dunng We ks Sands ZY Septeniber Io Okte 


ber apered during which bards trom SW Sadkateohen an 


Rier Basin was the source of about 60 














were apparenth unavailable. This relationship. however. 
is compli ated tn. the different hunting s-asom (dates) that 
Ute whoted in} hua net the 19 wears. Sonce all Vears Wet 
combined. it is inmagrerssatole to demomtrate with oertaints 
that carl opening dates in lowa unpact Vesoun Rover 
Basin mallards to a much greater extent than bards trom 
other areas. The relatneds bow had of hanest during the 
ears weeks mest also be comadered 

ines  Detn ateon of the total mallard hanest m Wh 
tents Was tern sumilar to that of bowa from a scasen-bong 
perypectrve However. Dhinets tended to stect opening sea 
von dates that were 2 3 weeks later. which favored rela 
tive comastencs in weekly harvest den ation. We mterpret 
the as an wndicateon that by Week 8 (20) 36 October). mal 
lards from many source areas were available to liners 
heaters 

Missount, Arkansas. Lauisana. and Mississippi. Then 
hanes areas demonstrate remarkable comastencs in weekh 
harvest dern ation from mayor reference areas Variations 
in percentages In time pened as in the southern Central 
bhowas. appeared to be rather small and mere random than 
pratt rhed 

\lantic Flyway Recovers samples in the New Eng 
land States were too small to demonstrate temporal changes 
in derivation even if such changes oocurred. The larger 
samples available for New York. Penns h ania. and South 


Carolina suggested consistency om scasonal ders ation 


Harvest Derivation Implications 


The principal purpose of thas work has been to consel: 
date information on breeding harvest area relateonshapys 
This information. pertamng only to mallards. may be of 
Value in assessing fhhway boundaries or proposed manage 
ment units. However. other factors such as estimates of 
watertow! harvest (see Marten and Carnes 1977). recruit 
ment and population size (see Pospahala et al 1974). and 
survival and harvest rates (see Anderson 1975) must also 
be conmsdered in a thorough assesment. which os bev ond 
the scope of this study. Given these limitations. analyses 
of geographic and temporal der ation of the mallard har 
vest suggest a few management implications 

Although mallards and other waterfowl may migrate 
within corrders that are much narrower than thways 
these lanes of travel are shared ty bards (rom: a neunnbeer of 
wrroe areas, Bellrose and ¢ reorvapetern PTO 227). an thea 
analyses of recovers distributrons of mallards banded cur 
ig the hunting season. stated! that ducks migrate 
along definable areas of geography. which we have referred 
teas tigation comrchons Phen further saggaest that 
with ceore ontermiateon. beoteng rewulatecons congbet bee Pease! 
pen migration cerrders rather than thy wavs Char results 
cher tpevt tipyport thee: cures pet cel tenatiagetient by, negation 


corrubor assem that echentetecateon of discrete: sures 


harvest area poyulatoons es rberent in the comoept Sarnpeh 


stateal thee % are ver’ | close rete 7 Lhe hearts ’ ime 


relat scomesdaages Adjacent hanest areas on different thw avs 
eg. Arkanas and Fastern Oklahoma) deme more than 
SO ood thear total mallard harnest trom the sane refer im. 
ancas. \Lam geographacalls «parated harvest areas. rm gard 
hes od flhoaas boundanes. demne more than Woof ther 
nallared hanest from the sane source areas, Other eampbes 
furthest «venir that prattowies if mallard menement trom 
brwdhoeg toe wintering areas are cemetall lan Siaped and 
netlapypng 

Of the maager Showa beewndanes on the Ungted States. ond 
that fetweoen the Pact»: and Central thw ays appears new 
venabls ovtact. The romanmeng boundanes are transgrowed 
In the dominant northwest southeast mene: at of mal 
lands trem: the inportant breedseg arcas in wut bern Canada 
and the northern United States. For exvanph . mallards pore 
vwason- banded m Southemn Saskatchewan have been 1 
covered on all hanes areas of both High and Low Plains 
pert oe rnes od the Contral Khvow as — all States on the MMawsascay ig 
HKhwas. and mam southeastern States on the Atlante bh 
“aN 

bhowas benndaries are pedistonct to mallards. thereton 
it was net surprising te fend general smalarnty im harvest 
der ation within and between High and Low Plains por 
thoms of the Central Flhvwas. and also the Low Plains and 
westemn ther States in the Miissisinge Plyaas) The High 
Plaines Mallard Management Unit was pistified on the baases 
oman factors (Funk et al 1971). mncluding recovers dis 
tributions from winter bandings. mertality and suninal rate 
timates. and relatively light hunting pressure The High 
Plains reference area ts the meost impertant source of mal 
lards ter bastern Colorado. bastern New Mlevoo. and West 
em Oklahoma (Table 23). Althyough all remaiming areas om 
the Hiwh Plains Unit derive cvech of their mallard harvest 
from the Migh Plains trelerence area. Canadian sources om 
combination are more important to their total harvest 

The Dow Plains Unit «as proposed mainly on the bases 
atsurnvival rates and geowraphec and temporal distribution 
of recoveries from winter banded mallards in the High 
Vlas. Low Plains. and western tren States of the Miss 
upp bhywas (ivland and Gabig 1980). Our results are in 
eeneral agreement with these of Hyland and Gabig coon 
cerning mallards banded in the High Plas Unit) Few pore 
wasven- oor wbnter-handed mallards trom the High Plans 
are harvested ithe Low Plame Ploweser. both High and 
Low Plaines portions of the Central Plyw ay other than North 
Dakota are ver snularoon comboned harvest denn ation 
from noaper reference areas ion Canada There ts a gradual 
ult in mpertance of SW) VWherta and SW Saskatchewan 
tothe Plich Plame. and of SW Saskatchewan and SE Sas 
hatehew an to the Low Planes 

Sinulanity continues when we compare harvest denna 
trnin thee flow Plains portion of the Central blyvway with 
that on the western thor States of the MMisstsstpyn bhowas 
ovcopt Mibnieseta SU Saatchi an and SP Sahat hen an 
in beth wnportant sources of mallards without regard to 


the: thy wus Pecererechan 





weir longer association (greater availability) with bre 
UU are as r loot] 1eTe Ustlall entered larther teorth tha 
Mt adult thes. Darect recovers distributi | 
: a ' 
cluded highet f mortars Of TeOOVGCTIOS Tpeal Deabediitic si 
1} ] " . 
nerally were centered farther north than distributions of 
direct recovenes. Lndirect recovers distnbutirons of wnma 
ire males were affected by pair tormation (duriicg « inter 
Viuleon spring migration) with feniales destitece) | l 
nent breeding areas 
\! ' 15.4 } ' | it ‘ t ‘7 
bia Sool TecovVel listributions led to the fol Ving 
' } ts ' i} ' ’ 1 rT’ ‘ } ; ; } ; 
Hhatons of DANY OF TOOONET mers COT Trootta tae Dees 
_ , :, 
cnibe distribution and ders at of the mallard harvest 
a — 5 
lire t recovers tf aduit ‘ 2) chrect and mdirect 
‘ erie. col achult letiat ani irmdirect recoveries Of iiitha 
:; 
re fetnales ») darect reoovertes of dhes and) fetiales that 
cre banded is dnitiiatisre il }) total tuallarad Cun 
bonrye 1 direct i! } ' fire ‘ “4 cre | ii} ive ‘ ids“ 
carpet le “lis 
Anials sis of recove date distributions midicated subsstag 
al effects of ave at banding. sex. and. to a lesser extent 
esmmoe bandit 1) clate 1 recuvey sation davantin cul 
1 tye tative lilleretpe. iva teal that iTV ON 4a TTretiNvet 
} } 
testmivht also vars as a function of vears after banding 
therefore mvestigated what effect this variation would 
| ! 
ive mT) imvivaal cara? recumvers rate estimate VV. wilh nded 
miva ites that changed with veas after byariching 
t be chetected Cand repoeoted by the mmcdnne 
fat te if il fecal _ i! res | rite sit? ; 
etitia lefeat | ‘ \ riled tacave » tne | ‘ i i " 
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and the Mias- 
Sats -one pene ent of the total hanest 
from N Saskatche van-N Manitoba 


toba were more restricted to Canada (39 
sissippi Flyway (47 
W Ontario was asso 
ciated with areas in the Mississippi Flyway. whereas an 
of the EF Ortanw W Quebec tav- 
vest occurred in Canada. Most of the mallards harvested 
_N California (99 

areas Were associated with the 
Most [bch Plains mallards (79 
in the High Plains portion af the Central Fivw av. Sixty- 
seven percent of Missount River Basin and 83 


equal percentage a | 


trom the Washington Oregon (95 
and Intermountain (83 
Pacitic Flyway ) remained 

ot Great 
Lakes mailards were associated with the Mississippi Fly - 
of the mallards trom the Mid-Atlantic and 
Atlantic 


wat. About 75 
NE United States areas remained within the 
Flywas 

Distribution of the total mallard harvest among flyw avs 
is compared to that estimated by the harvest survey with 
the tollowing results: (1) 
data) and 2S 


and 21°): (3) Mississippi Flyway. 46 


Pacific Flyway. 21°. (handing 


(han est survey): (2) Central Flyway. 2S 
and 43°. . and «4 
Atlantic Flyway. 405°) and 7.450. Our results tend to over 
ostimate the harvest in areas of high banding intensity. such 
as the San Luis Valles of south-central Colorado. although 
lack of banded birds in important source areas is also a 
problem 

For each harvest area (State and Province) the deriv ation 
of harvest from major reference areas is tabulated. Har 
vest derivation is illustrated for areas that accounted for 
Mallard har 


vest derivation similarity index maps are also presented tor 


05°. or more of the total mallard harvest 


the same areas. We do not sammarize harvest deriv ation 
nilarities 
“yt the 


due to the number of harvest areas and the many 
and ithe rences ctpootnnte red However We peonit 
extensive overlap and similarity in harvest deny ation wit 

and between High and Low Plains portions of the Central 
and also the Low Plains and the western tier of 
Cou 


graphically separate harvest areas may derive much of thei 


Flyway 


Mississippi Flyway States (Minnesota to Louisiana 


harvest from common source areas. because recovers dis 
tributions are generally fan-shaped and overlap with thos 
trom adjacent source areas. Our results do not support the 
concept of management by migration corridors. The north 
west southeast movement of mallards fron: important inte 
rier breeding areas in the United States and Canada is not 
onsistent with thywasy boundaries 

There as litthe doubt that most mallards preseason boiatnedend 
in the Mivgh Plains reference area remain within the High 
Plains Mallard Management Unit. The High Low Plains 
boundary (00th mendian inthis report) is certainly appro 
priate with respect to birds banded in the Central Flyway 
When viewed from: the continental Perspective however 
contributions of mallards trom other breeding areas over 
Mallards trom the pro 
pesed Mid-Continent Waterfowl Management Unit) ar 
more important to the harvest inthe Low Plains than in 


the High Plains 


ride distinction of thas fwoundars 


9 


Seasonal derivation of the mallard hanest ts tabulated 
Locally derived birds are important during early hunting 
season davs to the mallard harvest in the northern United 
States. Substantial shifts in harvest derivation within this 
region occurred | or 2 weeks after season openings. In view 
of extensive geographic similarities in harvest distribution 
and derivation. both within and among existing manage- 
ment units. future efforts to refine the management of 
waterfow! resources should also consider the timing «of 


movements Within and among population segments 
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Appendix A 


Mallard Breeding Population Indices, Population Weights. 
and Band Reporting Rate Adjustments 


Table A-!. Mallard breeding population indices in major reference areas for the years 1961-754 
Majsor reference area breeding populations (t*housandese ) 
N SASK Missour! NE 
“ N ALTA SW SW Se N MAN CE ONT Inter High River Great Mid- United 
PAC WN WNT ALTA SASK SASK SW “AN W ONT W QUE WA-OR WN Ca mtn Plains Basin Lakes Atl States 
Year 1 2 3 4 5 6 7 & 9 19 1 12 13 14 15 16 
1961 762.2 2536.7 823.3 1474.1 765.2 358.8 566.1 300.0 129.0 119.3 256.7 587.90 $67.8 323.5 39.6 23.6 
1962 534.3 1289.0 611.1 976.5 580.5 266.8 722.0 300.0 i20.90 119.3 256.7 624.3 723 310.8 39.6 23.6 
1963 640.0 1362.46 715.6 1387.4 696.6 361.0 549.0 300.9 1290.90 119.3 256.7 760.6 953.6 313.7 39.6 23.6 
196% 4465.9 1685.2 712.7 1118 736.9 667.8 678.6 300.0 120.9 119 
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®nata taken from Pospahala et al (1974) and files. Of fice of Migratory Bird Management. Laurel, Maryland. 
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Table A-2. Suqgested hunter band reporting rate adjustments for mallard recoveries curing the 
years 1961-75. 


-———-— SS Sr eK wr err rrr wr er er er er er nr er nr nr nn nnn nr ere eee eae eee ne nr nr wr nr nm nr nr nr Oe er rm em wm mr wr er er wr rm wm rm wm rm wm em ew nw wr rr re er nr rm mr nr wr wr rm wr rr wm wm rw nmr rrr rrr rer ere 


Distances (km ) and locations o f recover es 

hatttoba esstuard in Canads Central and Mississippi sachatehonan westuaed in 

and Atlantic Flyway Filyways Canada and Facific Flyway 

Year OF -rr rrr ttt rrr mmr rrr rrr rs er rere re rrr errr en---- 7 
recovery 0-8 9-79 80+ 0-8 9-79 &0+ 0-8 9-79 &O+ 
1961 3.09siaTS 2th 2.360020 BH (LIS >t) 4b3 
1962 3. 16 -.80 2.14% 3.26 2.40 1.26 3.26 2.1% 1.65 
1963 as20 2.86 2.17 3.33 2.4% 1.89 3.33 2.17 1.67 
196% 3.30 2.91 a a 3.41 2.48 1.91 3.41 2.21 1.69 
1965 3.37 2.97 2.2% 3.49 2.52 1.9% 3.49 2.2% 1.70 
1966 3.45 3.03 2.2] 3.57 2.56 1. 96 3.57 2.2] 1.72 
1967 3.53 3.09 2.31 3.66 2.61 1.99 3.66 2.31 1.74% 
1968 3.61 3.16 2.3% ee 2.65 2.01 Pe 2.34% 1.76 
1969 3.70 3.23 2.38 3.85 <.70 e .04% 3.85 2.38 1.79 
1970 3.80 3.30 2.42 Pe 2.75 2.07 3.95 2.42 1.81 
1971 3.90 3.37 2.46 4.05 2.80 2.10 4.05 2.46 1.83 
1972 4.00 3.45 2.50 4.17 2. 86 Za to 4.17 2.50 1.85 
1973 4.11 3.53 <.5% 4.29 2.91 2. 16 4.29 2.5% 1.87 
197% 4.23 3.62 2.59 4.41 Y ie Ss 2.19 4.41 2.59 1.99 
1975 4.35 3.71 2.63 4.55 3.03 2.ce 4.55 2.63 1.92 


-——————e ene een ae eee enna nnanuauaneaeneeaeeeuenuneaeunenueueue eee neneeaenenenacnwnenaneeaeanteneuenueueenunnennnenun = = = « 


athese estimates refer to who reported code "21" only. All others are assumed to be reported at a 
100°. rate. Data through 1972 taken from Henny and Burnham (1976:11); adjustments for subsequent years 
were extrapolated from their results. 
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Table A-3. Mallard population weights by major reference area for the years 1961-75.4 
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Major reference area population weights 
N SASK Missours NE 

Year N N ALTA SW SW SE N MA E ONT Inter High River Great Mid- United 

and PAC N WNW ALTA SASK SASK SW MAN WONT W QUE WA-OR WN Ca mtn Plains Basin Lakxes Atl States 
age-sex 1 2 3 S 5 ¢é 7 8 9 10 1 12 13 14 15 16 
61 AM 18082.9 2126.8 1930.5 676.8 1861.3 23%.7 8074.5 255.8 165.3 %37.7 215.6 273.0 216.9 %89.7 2.5 $6.9 
62 AM 17286.6 2033.2 985.2 647.0 1014.6 224.3 7718.9 2469.6 158.9 131.6 205.9 261.8 207.6 %81.6 58.2 54.% 
63 AM 17891.4 2093.7 1016.5 666.3 104646.8 231.0 7968.8 251.8 162.7 135.5 212.1 268.7 213.6 1186.8 51.7 56.9 
64 AM 19938.8 2345.1 1136.3 746.3 1170.2 258.8 8903.1 282.1 182.2 151.8 237.5 301.8 239.2 289.2 57.9 62.8 
65 AM 19061.3 2241.9 1086.3 713.46 1118.7 267.6 8511.3 269.7 1746.2 45.91 227.1 287.7 228.7 2838.09 55.3 60.9 
66 AM 18166.8 2136.5 1035.2 679.9 1966.1 235.7 8111.0 257.0 1166.9 %38.3 216.4% 274.2 217.9 1989.6 52.7 57.2 
67 AM 20123.7 2366.9 1146.8 753.2 1181.1 261.2 8985.7 289.7 1183.9 153.2 239.7 303.8 241.6 291.1 58.46 63.3 
68 AM 1885$.8 2217.8 1074.6 705.8 1106.7 2466.7 8420.90 266.8 172.3 1163.6 224.7 284.7 226.2 197.8 54.7 59.4% 
$9 AM 20082.0 2361.9 1146.5 751.6 1178.6 260.6 8967.1 c8%6.1 183.5 152.9 239.2 303.1 269.9 219.7 $8.3 63.2 
70 AM 19166.2 2256.2 1092.3 717.3 1126.9 268.7 8558.2 271.1% 1475.2 1165.9 228.3 289.3 229.9 201.1 55.6 690.3 
71 AM 7502.9 2058.6 997.5 655.1 1027.3 227.1 7815.5 2467.6 160.6 133.3 208.5 264.2 210.0 1183.6 50.8 $5.1! 
72 AM 193466.9 2275.4 1102.5 724.1 1135.46 251.1 8638.6 273.7 176.8 167.3 230.5 292.9 232.1 203.0 $6.2 69.9 
73 AM 18524.9 2178.8 1055.7 693.3 1087.2 240.4 8271.8 262.1 169.3 1161 1 220.7 279.6 222.2 194.6 53.8 58.3 
746 AM 19961.7 2365.5 1136.5 766.6 1170.6 258.8 8904.46 282.1 82.3 1151.8 237.6 331.0 239.2 2609.2 57.9 2.8 
75 AM 18750.2 2205.3 1068.6 701.8 1100.5 243.3 8372.6 265.3 171.6 62.8 223.6 283.0 224.9 196.7 $4.6 59.9 
61 AF 16125.5 2532.6 2388.46 1398.8 2184.1! 376.46 6179.0 187.3 113.6 132.5 236.1 294.1 19°.9 70.46 2.5 37.8 
62 AF 146922 .2 2676.5 2524.1 1678.3 2308.2 397.8 6530.3 197.9 119.9 1490.1 26% &© 307.7 201.8 74.6 36.6 39.9 
63 AF 1660''.2 2583.5 2636.4 1426.9 2228.0 384.0 6303.1 191.9 295.7 1435.2 266.4 297.0 196.8 71.8 33.2 38.5 
646 AF 1225.9 2197.2 2072.1 1213.5 1894.9 326.6 3369.7 162.5 98.6 1115.0 2046.8 252.6 165.7 61.1 28.2 32.8 
65 AF 13139.46 2355.8 2221.7 1301.1 2031.6 350.2 5747.6 1746.2 105.$ 1123.3 219.6 270.8 177.6 65.5 30.3 35.1! 
66 AF 14%43.0 2517.8 2374.4 1399.6 2171.3 374.2 6142.9 1186.2 112.8 131.8 234.7 289.6 189.8 78.0 32.3 37.6 
67 AF 12068.6 2163.8 2040.6 1195.1 1866.1 321.6 5279.2 169.9 96.9 893.2 201.7 268.7 163.2 60.2 27.8 32.3 
68 AF 133465.5 2392.8 2256.5 1321.5 2063.5 355.7 5837.8 177.0 107.2 125.2 223.0 275.0 180.% 66.5 39.7 35.7 
69 AF 12110.6 2171.6 2067.7 1199.3 1872.6 22.8 $297.6 160.6 97.2 113.6 202.46 249.6 163.7 60.4 27.9 2.4% 
70 AF 13033.6 2336.8 2203.8 1290.7 2015.3 347.3 5701.6 172.8 1046.7 1122.3 217.8 268.6 176.2 65.9 30.09 34.9 
71 AF 146710.1 2637.46 2687.2 1656.7 2276.5 392.0 646346.7 195.1 118.9 138.0 265.8 303.2 198.9 73.3 33.9 39.3 
72 AF 12852.5 2304.46 2173.1 1272.7 1987.3 3462.5 5622.1 170.46 103.2 120.6 2146.8 264.9 173.8 646.1 29.6 364.% 
73 AF 13680.0 2452.7 2313.1 1356.7 2115.2 364.6 5984.1 181.6 109.8 128.4 228.6 281.9 186.9 68.2 31.5 36.6 
74 AF 12252.0 2196.7 2071.6 1213.3 1894.46 326.5 5359.5 162.5 98.46 115.0 206.8 252.5 165.6 61.1 28.2 2.8 
75 AF 13652.9 2612.0 2274.7 1332.2 2080.1 358.5 5886.8 178.46 108.0 126.2 2246.8 277.3 181.9 67.1 31.0 36.0 
61 IM 9671.7 1382.2 1568.3 936.6 1830.1 265.2 1862.4 62.7 71.8 159.7 %619.9 294.5 202.7 $9.3 21.3 13.7 
62 IM 13662.2 1923.9 2182.9 1303.7 2547.46 341.3 2592.3 87.2 100.0 219.1 225.3 410.0 282.1 2.6 29.6 19.0 
63 IM 12122.1 1732.4 1965.6 1173.9 2293.8 307.3 2334.2 78.5 90.0 190.1 202.9 369.2 254.1 74.46 26.7 17.2 
66 IM 9865.0 1609.8 1599.6 955.3 1866.7 250.1 1899.6 63.9 73.3 1156.7 165.1 300.46 206.7 60.5 21.7 16.9 
65 IM 15167.0 2167.6 2659.4 1668.8 2870.0 384.5 2920.5 98.3 112.7 237.8 253.8 661.9 317.9 93.0 33.3 21.5 
66 IM 12611.6 1773.8 2012.5 1201.9 2348.5 314.7 2389.9 80.4 2.2 194.6 207.7 378.0 260.1 76.9% 27.3 17.6 
67 IM 11916.6 1702.8 1932.0 1153.8 2254.5 302.1 2294.3 77.2 88.5 186.8 199.6 362.8 269.7 73.1 26.2 16.9 
68 IM 8694.0 1242.5 1409.8 861.9 1665.1 220.4 1674.1 56.3 64.6 136.3 1465.5 264.8 182.2 53.3 19.1% %2.53 
69 IM 16791.1 2399.7 2722.7 1626.1 3177.3 625.7 3233.3 108.8 124.7 263.3 281.0 511.6 351.9 103.0 36.9 23.8 
70 IM 10061.3 1635.0 1628.2 972.4 1900.0 254.6 1933.5 65.1 74.6 157.5 168.1 305.8 210.4 61.6 22.1 14.2 
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Table A-3. Continued. 
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Major reference area population weiaqhets 
N SASK Missours WE 

Year “ N ALTA SW Su SE N MAN E ONT Inter High River Great Mid- United 

and PAC WN WWE ALTA SASK SASK SW MAN WONT W QUE WA-OR WNW Ca mtn Plains Basin Lakes Atl States 
aoqe-sex 1 2 3 S 5 6 7 8 9 12 1 12 ‘3 1% 15 16 
71 I" 9852.0 1608.0 1597.5 954.1 18646.2 249.8 1897.1 63.8 73.2 156.5 1166.9 3009.9 206.5 60.46 21.7 %3.9 
72 I" 8691.9 1242.1 1609.3 841.6 1646.5 220.4% 1673.5 56.3 64.6 %36.3 15.5 264.7 182.1 53.3 19.9 12.53 
73 IN 9945.1 1621.3 1612.6 963.1 1881.8 252.1 1915.80 64% 73.9 156.09 1166.46 3092.9 208.4% 61.0 21.9 6.1 
76 IM 9628.7 2090.7 2372.1 1616.7 2768.1 370.9 2816.9 94.8 108.7 229.4 2466.8 465.5 306.6 893.7 2.2 20.7 
75 IM 11099.5 1586.3 1799.8 1674.9 2100.3 281.46 2137.5 71.9 2.6 76.1% $85.8 338.0 232.6 68.1 26.4 15.7 
61 IF 7472.6 1561.6 1983.9 1096.6 2175.9 297.8 1957.3 77.9 2.2 271.6 224.6 355.8 229.6 $2.7 22.4 %3.7 
2 IF 10601.3 2165.7 2761.4 1523.6 3028.7 614.5 2724.6 108.46 916.5 378.0 312.6 695.2 319.5 73.6 38.9 19.8 
63 IF 9365.9 1932.1 2686.5 1371.9 2727.3 373.3 2453.2 97.6 1703.1 360.6 281.4 665.9 287.7 66.1 28.0 17.1 
66 IF 7622.0 1572.6 2923.5 4996.4 2219.46 303.8 1996.4 79.4 83.9 277.0 229.0 362.9 236.2 53.8 22.8 13.9 
$5 IF 111718.5 2637.5 3999.9 9796.5 3412.3 6467.0 3069.4 122.1 129.0 625.9 352.1 557.9 360.90 82.7 35.9% 21.4 
66 IF 9589.6 1978.3 2545.9 1406.6 2792.3 382.2 2511.8 99.9 105.5 348.5 288 2 656.6 294.6 67.7 28.7 17.5 
6? If 9295.5 1899.1 2466.0 1348.4 2680.6 366.9 2611.2 95.9 169 3 334.6 276.6 638.3 282.8 65.0 27.5 16.8 
68 IF 6717.2 1385.7 1783.3 983.9 1956.0 267.7 1759.5 70.9 73.9 2466.1 203.9 319.8 =266.% 67?.46 20.1 2 3 
69 If 12973.2 2676.3 3466.2 1909.3 3777.7 517.0 3398.1 135.2 12.8 671.5 389.8 617.7 398.6 91.6 38.8 23.7 
70 =F 7758.2 1600.5 2059.7 $936.4 2259.1 309.2 2032.1 80.8 85.6 282.0 233.1 369.6 238.3 56.8 23.2 16.2 
71 TF 7619.9 1570.3 2020.9 1115.0 2216.5 303.6 1993.8 79.3 83.8 276.6 228.7 362.6 233.8 53.7 22.8 13.9 
72 «IF 6716.9 1385.3 1782.7 983.6 1955.3 267.6 1758.8 70.0 73.9 2466.0 201.8 319.7 296.3 47.4 20.9 %2.§ 
73 sI¢ 7683.9 1585.2 2060.0 1125.5 2237.5 306.2 2912.6 80.1 846.6 279.2 239.9 3465.8 2346.1 $46.2 23.0 16.0 
74 IF 1302.6 2331.7 3000.7 1655.6 3291.2 6450.46 2969.5 1117.8 1246.6 6109.8 339.6 538.1% 347.2 79.8 33.8 20.7 
75 If 8575.8 1769.2 2276.8 125$.2 2497.2 3461.8 2246.3 £9.% 99.4 399.7 257.7 608.3 263.5 60.5 25.7 15.7? 
Sueights were based on a reference area's ' 9 populstion index summed over the years 1961-75. modified to 
reflect the age and sew structure calculated for each year, and then divided by the nurbers banded. which were also 
summed over the years. Weights were applied on the basis of the year of banding, regardless of the year of recovery 


(e.g... indirect recoveries). 
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Appendix B 


Recovery Distribution Comparisons 


Tables in this App mdix present results of extensive test 
ing af recovers dist nibution patterns Chur purpose was to 
(r4npare « ate gore of mallard handings iT TrUvveTeCS, OF 
both te identify those that could be combined, based on 
empncal evidence. Our use of a procedure, referred to as 
a centrond test. follows the recommendations of J]. Nichols 

personal communication). A bret explanation of the pro 
edure ts described unde: Methods. The test statistic for 
each comparison is distributed approwmately as X~ with 
2 degrees of freedom. Since \~ random variables are addi 
tive. a summary statistic for each reference area may be 
computed with degrees of freedom equal to twice the num 
her of comparisons included. Continental test statistics were 


obtained as 2 L InP. where P, denctes the probability 
awoctated with the indn edual test tatestec of reference area 
i) and a denotes the number of reference areas availabk 
for the test. Thas statistic is distributed as VY with 2n cf 
under the null hypothesis. Although the \- approximation 


eT) 





is valed for a toma sam pole are of Py (gy Tremere TeCTA eT RS, “we 


ore 


co™mpared wets of recynerrws cml A bee Tm ma hy ‘a my 


vnuted th 30 of more recesvenes 

Only differences in recovers distributions that were ag 
mifscant at the 0.01 level are indicated in the tables. becausw 
the centroid test ts also affected by variation in handing 
site of handing intensity. To provide more information we 
tabulated Latitude bong.tude differences (denoted Lat and 
om recovers 
O01 hewel 
Comparisons of banding of recovery types, or both. include 


Table B-1 


males versus 


{ ong im the tables) between oenters (means 


distributions if thes were wgnificant at the 


the following: (1) locals versus immatures 
2) mmematures verous adults (Table B-2). (3 
Table B-3 §; dwect (HSS. 1 
Table B-4). 5 
Table B-5). (6 


1rarTs tw 


fernalas vets indirect 


(HSS2-N 


mcdirect pene atures 


recine 0% direct adults vers 
direct recs) crves dur 
Table B-6)., 


indirect reconvene of birds banded during consecutive 


Table BT 


mg copsecutive \ea4r- gremapys and 


\eaurs 
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la le a t ( nye ' ed 
Direc t roe 9verstes Indsrecet recoverses 
I ~ al a + r e A d U ] + ] nal ” a + U ' © A d U | + 
My or reference area cece e-- . . 
ms year qrous mM NF Test Lat Long NUT OME Test lat Long NM ONG Test Lot Lona NM ONE Test Lat Long 
ré¢ ° Lawes 14) C $ od 
170 , O43 11 £4G 0.3 0.8 6) 191 G&G 1.0 <.? 142 121 20.17 -0.7 2.5 99 BG 10,86 -1.4 1.9 
‘ q 147 ¢ y é 4 43 a7? 4 %¢ f) Pg : g Q} 9 14 2 fal o 9 { 5? & 9 ° 02 
rare co4 179 (0. TE 11% 95 8.09 196 109 22.78 -2.0 9.1 100 119 12.11 -0.7 -1.5 
'% 3 317 4 9) « @ 2 ge { +4 18 1G) GQ. DG b) 1 0 4 89 ? al) 9 % 4 -1,3 
19°4 79 £44 1 4) *1 69 18 2! -2.6 1.9 0 68 $13.62 -0.8 2.1 44 19 
q% € 76 cf , a) hn a 7% ‘ { : O44 


ce area total . 5 SdOe«# (30 df) 98. *72ee (30 df) 379.8088 (08 df) 184. 898 (26 df) 


5 
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aa 
. 
nal 
J 
4 
4 
Ww] 
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Lal Aé rye ye rqasy 

19461 7 962 "19 412 8 &° C4 34 06 103 65 }. 73 67 7 0.23 

194 2 "GHG qcn ‘ Q ? <n 6 3 ‘ 7% nN? 94 6 0” QO 93 2 79 

1945 {Ge cF&% Oh 55 9 0 4 198 165 6 \ ! 0 1g 132 113 5 56 

‘ £7 1942 42 o- ca] cf 4 & | ae) - g? 143 10° e aR 6 & 42 ] G5 

"369 13°94 t4t %29 1.53 G9 +1 3.44 114 6% 9.31 0! 3.5 56 ogy 0.32 

971 = 19 199 142 1344 9.6 0.2 10’ 7 & 1 1G 100 61 4.04 105 50 {13 

1973 "44 120 ir? 1.7 +! a 3.93 34 35 '2.73 -0.9 5.4% ee 15 

Le} G 4 ‘ eg Tn 7Q f\ on 

Patlore © 3fePa total 4G. 1608 (16 Gf c/ 99 (16 df) 72.29"8 (16 gf) 11.48 (12 df) 
Ld + ¢ ‘ a es 14) 

1346) 1942 37 3 3 59 °8 CG 0.73 7Q 58 & 48 27 4 0.19 

13¢ 3 196% 155 14 0.23 ‘9 32 117 &8& & 95 e | 37 199 

VIED 1946 e435 202 1.59 5 4) 8 68 120 193 14.908 -0.5 3.8 27 32 7.59 

1367 = 15°28 174 ' 2 ? § 34 G2 Pa ~e 143 114 23 7s - | S 3 3 72 30 { 53 

‘949 19°C 165 138 ' 32 40 1 4s &9 69 12.98 -0 3.5 49 34 0.46 

197 1 : i rk ay 8&3 0 $3 38 23 1.2) 55 45 9.62 -0.7 3? 33 ‘9 

‘973 1504 141 87 2.31 -8 C4 0.85 30 0 «608 3.0? 1S 15 

975 ron) 6G on. 3 1? 

Peforance ereg tntal 12.83 ('6 df) 15.76 ('2 df) &0. 9688 (14 dF) 11.76 (10 df) 
Continental total Go 77 ee £20 GF) 162 688#* (78 cf) 705.0588 (32 df) 318 34688 (28 dF) 
Bti.e ¢ost statistic 315 distributed anpromimately as X with df = turice the number of comparisons included Tests are not shown 

r $3 le sice oD male Ch“) or female (NE) recoveries. S:qnificance levels “0.05 not indicated, ** <0.01; mean 
latituve-lo tude differences are tabulated instead of ‘s#" 
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2.3 
be 
G 6 
df) 
5.9 
df) 
1.9 
1.7 
0.8 
1.2 
2.0 
df) 


;ords 





df) 


df) 


df) 


df) 





Y 2 | le 3 i] { ontirnued 


" a 1 ie f e m a} e Moat} ea Fo oem iat oe 
™ roe re ’ ea . = - « 
j ) j N NH Test Lat Long ND NI Teast a+ Long SD ONT Test Lat Long ND NI Test Let Long 
, W-N MAN W ONT €7) 
1 1944 15 30 62 69 19.69 3.9 -0.6 63 33 35.79 
16 § 1968 } 18 1 5¢ 3 ! 1? 6 0.) G45 25 3.64% 
! ) 19/4 3 Sy 0.45 5.14 2. g '¢ 5° a) 18.76 4.5 2.5 435 2 5.8% 
Fortorence area total 19.495*"" €( 2 df) 55 5/7" € 6 df) 12.87 ( 6 df) 
ONT = W QUE (8) 
19641 1964 2 § e4 &.80 40 2? 1.82 127 8&%4% 61.02 ?.6 -4.9 136 59 32.69 2.4 -G 8 
1945 G& 62 9.35 1.2 -0.7 62 56 13.33 2.0 -0.9 1%3 125 95.30 2.9 -4.3 154 71 7.09 
1964 38 & 9.83 1.9 -1.4 37 47 3.8% 182 &0 36.05 1.4 -4.6 117) 78 10.2 l,o *0.8 
196? 45° 65 9.14 57 38 5.21 175 105 81.69 2.0 -5.6 1300 «69 2 a 
1968 GR 45 6.07 78 49 5.97 242 134 97.51 2.1 -G.1 e2c & 34.48 1.9 -1.3 
1969 64 65 12.61 1.6 -2.5 69 53 6.01 C61 136 99.639 2.2 -6.4 198 105 47.17 2.5 -3.0 
1979 49 ) 15.61 1.2 -3.2 60 69 5.54% 446 265 151.84 1.7 -6.6 337 167 21.16 1.5 -1.5 
1971 116 127 24.49 1.8 -2.9 10% 39 2.25 473 361 179.84 1.8 -5.8 320 176 28.98 1.6 -1.4 
972 &5 76 9.65 1.2 1.9 S57 Gt 12.78 1.2 1.9 G71 244 117.74 1.8 -4.6 317 116 2.69 
1973 68 58 17.94 1.3 -3.6 65 50 2.49 330 182 G5.89 31.5 -4.4 199 89 8.46 
1974 68 30 8.73 51 e | 7.23 193 55 28.37 1.9 -6.9 98 34 0.88 
Reference area total 132.17** (22 df) 66.17** (22 df) 985.85** (22 df) 199.11" (22 df) 
Washington-Oreqon (9) 
‘961 . 1962 9% 168 7.08 65 66 6.72 261 144 57.35 0.0 1.8 153 95 33.01 0.2 1.5 
1963 : 1964 &3 98 3.33 60 50 2.01 289 122 69.60 0.3 1.2 252 72 58.77 0.9 1.8 
1965 - 1966 87 118 1.85 131 116 7.38 256 183 31.16 1.9 1.3 226 93 14.94 0.4 1.3 
1967 - 1968 63 70 3.09 71 73 4.69 el2 99 2.79 115 77 1.75 
1969 - 1970 75 96 2.27 790 59 3.31 2l2 123 19.93 -0.4 1.5 164 92 7.23 
1971 - 1972 46 46 2.38 76 64 7.44 164 78 5.84 128 665 0.13 
1973 = 1974 63 45 6.43 48 15 225 «660 2.30 125 3) 0.68 
Reference area total 26.43 (14 df) 31.55** (12 df) 18&8.93*"* (14 df) 116.51** (14 df) 
N California (10) 
1961 - 1962 46 97 1.24 30 62 3.30 85 42 0.58 34 30 0.32 
19463 - 1964 76 115 6.10 36 34 2.07 48 56 3.98 32 22 2.40 
1965 . 1946 86 119 5.66 21 27 0.27 80 58 27.2 0.8 1.3 57 1) 
1967 - 1968 94 12 0.34 72 «266 1.42 130 678 2.50 60 2 1.14 
1969 - 1970 79 108 G64 49 48 5.2 75 46 13.84 0.6 0.7 22 13 
1971 - 1972 109 90 0.62 6 40 8.43 117) 45 7.37 50 8618 
1973 - 1974 75 66 4.96 60 27 3.2 107 57 5.71 53 21 3.69 
Reference area total 23.56 (14 df) 23.95 (14 df) 61.238" (14 df) Pe > ( 8 df) 
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Adu! +t recoveries Immature recoveries 
M a 1 e F e m a le M ale Fem aotloe 
>r refereccp AFOD TOUT TT TT tr mtr remem re Ree eee eee ee ee ee ee eee ee ee ee ee ee ee ee ee eee LLL eee 
J oveer ND SI Tes+ 3¢ = =oLong SD ONT Tect at Long ND NI Test Lat Long ND NI Test Lat Long 
41 : 13€2 <4 67 $.62 34 27 6.21 119 103 50.79 9.9 -6.5 112 65 25.37 1.0 -1.§5 
19§3 = 'S46S 60 £9 <.09 63 33 9.5 150 107 464.89 0.5 -3.3 128 8696 15.91 0.5 -2.2 
345 - 1966 £5 132 6 32 99 1193 5.1 224 198% 108.468 1.3 -3.7 215 165 16.49 0.4 -1.9 
1947 : 3# 3 G8 é¢ 0. *¢ 59 ed 7.95 168 163 75.456 0.4 -4.8 1915 105 14.1% 1.9 -1.1 
1343 - 13 4) = ¢ 6.79 31 29 <.7¢ 141 119 53.58 0.8 -5.6 10 6% 13.27 0.7 -2.5 
1971 - 1972 tC 105 19.51 0.2 -1.7 78 59 &.¢&8 190 100 76.19 0.8 -4.8 1468 61 26.5 0.5 -2.7 
1373 7 127% G! cc +. 3¢ 43 15 120 34 28.92 1.9 -5.6 102 3 S46 
fsrence grea +543] 39.2848 (146 Gf) 39. 59°86 (12 dF€) 392 _tBe8 (14 g#) 116.1688 (16 g¥€) 
united States (16) 
1361 - 1942 <8 27 0.69 24 2% 1.27 97 70 69.78 1.8 -6.%4 96 5 21.36 1.5 -1.2 
13¢€3 - 134% 19 2 32 37 6.739 155 17 53.02 0.9 -46.3 1462 88 8.3! 
1c€é5 7 1966 25 0 67 3.76 49 z2 3.53 243 129 68.77 1.4 -G.% 202 103 & 76 
1367 - 1948 34 «38 4.73 468 39 3.12 176 163 719.92 2.2 -6.7 162 116 10.05 0.5 -1.5 
"369 - 1372 32 49 3.33 4° 31 5.71 1465 89 52.08 1.4 -S.¢ 38 69 9.33 0.4 -1.4 
ty) 1970 78 33 0.23 °3 19 89 55 26.93 1.0 -5.% 89 35 2.7% 
1373 - 1376 28 S 24 15 141 30 9.94 1.72 -1.9 7 2 0.2 
fercnce area total 13.25 (10 df) 20.42 (10 df) 352.4688 (16 d#) 60.2548 (16 d¥#) 


cntinente] total 343.10** (30 df) 168 5788 (28 df) 2554.46 (32 dF) 635.1568 (32 df) 


sted approximately as K with df = turce the number of compar':sons included. Tests are not shown 
1D) or indirect ONT) recoverc:es. Si@anificance levels “0.05 not indicated, ** «0.01; mean 


latituc2-longitude d:fferences are tabulated instead of *-' 
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Table B-5 Results ef testing the hypothesis that direct recovery 


distributions ef Birds banded a3 adults are similar te indireet recavery 
distributiens eof birds banded a8 tmmatures 


* ‘ 


m a ! ® f e em a j e 
Major reference area e ze - : : . : —_ 
and year GQraup NAD NII Test Lat Leng NAD NII lest Lat Leng 


N Pacifie (1) 
1961 1974 a 18 22 1a OA 
Reference area total 


N ALTA = N NWT (2) 


1961 1962 0 0 0 0 

1965 - 1966 AO 137 1.44 25 71 0.33 

1967 - 1968 0.) 6663) 16.22 =0.9 =6,1 e6 §) 0.01 

1969 = 1970 27 = =96 $.28 22 60 10.48 4,9 JU.8 

1971 : 1974 77 62 4 04 40 27 1,95 
Reference area total 24.688" (€ & df) 12.77 ( 8 df) 
SW Alberta (3) 

1961 = 1966 60 64 0.66 2! 2? 0.70 

1967 - 1970 142 174 0.75 $4) = AG 0.56 

1971 - 1974 127 50 $74 17 e? 
Reference area total 5. 4 ( 6 df) 1,26 ( & df) 
SW Saskateheuan (4) 

1961 - 1964 132 123 1.09 $2. 45 2.70 

1965 - 19466 116 289 2.5 17 109 

1967 - 1968 87 101 2.64% 21 G40 2.01 

1969 - 1970 154 261 0.58 64 98 0.07 

1971 - 1972 276 124 1,37 42? GI 7.17 

1975 - 1974 197 #79 2.90 3! 41 1.6% 
Reference area total 10.753 (12 df) 13.59 (10 df) 
SE Saskatchowan (5) 

1961 - 1964 34 45 0.80 en 

1965 - 1966 75 80 9.27 1,4 =1,4 24 34 1,74 

1967 - 1968 62 57 1.91 21 49 

1969 - 1974 52 40 4.04 22 23 0.63 
Reference area total 16.02 ( 8 df) 2.37 ( @ df) 
SW Manitoba (6) 

1961 - 1966 70 101 8.99 43 64% 4.16 

1967 - 1968 1346 101 14.89 1.2 =0.7 37 48 0.70 

1969 - 1970 139 187 32.71 2.3 =-1.2 57 104 4.14 

1971 - 1972 199 118 1146.19 0.3 <1.3 65 55 1.42 

1973 - 1974 132 71 26.81 3.1 =-1.2 46 2 0.06 
Reference area total 97.59" (10 df) 10.46 (10 df) 
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Table B-5. Continued, 
M a | e F e m a l e 
Major reference aFr@a tert rer mt rrr ese errr err enrsce= 
and year qroup NAD NII Test Lat Long MAD NII Test Lat Long 
N SASK=N MAN@W ONT (7) 
1961 - 1964 15 69 be 
1965 - 1968 7 70 1 25 
19469 - 1974 33 49 &§ 23 <0 
Reference area total 8.23 ( 2 df) 
E ONT - W QUE (8) 
1961 - 1964 28 8&4 20.15 1.0 -4.9 40 59 17.21 1.7 -0.6 
1965 48 12 40.77 1.6 -4.6 eo. 6U71 8.03 
1966 38 80 2 2 1.1 -5.0 37 78 1.22 
1967 45 195 33.12 0.8 -6.3 57 69 7.57 
1968 48 134 17.15 0.3 -4.4 38 83 7.79 
1949 64 136 40.2 1.5 -6.6 69 105 17.7 1.4 -2.4% 
1970 69 266 41.49 1.2 -6.3 60 167 9.25 0.4 -1.2 
1971 116 261 69.95 1.0 -7.0 104 176 20.64 1.2 -2.5 
1972 85 2%4 43.09 0.8 -5.6 57 116 2.12 
1973 68 182 23.81 0.3 -5.0 66 89 3.49 
1974 68 55 2.64 0.8 -7.7 51 3% 3.54 
Reference area total 382.73%* (22 df) 98 .64** (22 df) 
Washington-Oreqgon (9) 
19461 - 1962 94 144 0.42 65 95 1.04 
1963 - 1964 83 122 1 oo 60 72 0.69 
1965 - 1966 87 183 4.20 131 93 0.1% 
1967 - 1968 63 99 10.37 -1.5 1.1 71 #77 0.25 
1959 - 1970 75 123 7.74 70 2 615.464 -0.4 1.2 
1971 - 1972 46 78 3.97 76 695 2.61 
1973 - 1974 63 60 2.01 48 37 0.14 
Reference area total 30.26** (14 df) 20.31 (14 df) 
N California (10) 
1961 ~ 1962 46 42 2.64 300606 30 1.35 
1963 - 1964 76 56 0.74 36 8622 0.04 
1965 7 1966 86 58 1.00 21 17 
1967 - 1968 94 78 1.38 2 25 1.52 
1969 - 1970 79 46 me 4 49 13 
1971 - 1972 109 45 4.03 69 183 
1973 - 1974 7 57 1.82 60 2 0.05 
Reference area total 14.13 (14 df) 2.96 ( & df) 
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Table B-5. Continuec. 
M a ] e F e m 3 1 e 

aiGr FETEPENEE BFRR 89 err Ses Ho 3S e eee ere 0 FSS ee see ee eS ea 

and year qrouo NAD NII Test Lat Long NAD WII Test Lat Leng 
Intermountain (11) 

1961 - 1962 119 103 5.17 63 57 0.49 

1963 - 19646 129 188 9.23 -0.9 -t.1 65 69 4.29 

1965 - 1966 161 239 6.34 98 117 1.12 

1967 - 1968 86 $0 14.25 1.2 -1.9 55 32 3.08 

1969 - 1979 55 75 11.465 0.3 -0.9 18 43 

1971 - 197% 47 59 6.939 3 21 1.49 
Reference area total 54.03** (12 df) 10.38 (10 df) 
Hich Plains (12) 

1961 = 1964 164 174 4.66 86 63 9.61 -1.6 90.5 

1965 - 1966 218 270 0.09 114 121 14.32 -1.2 -0.% 

1967 - 1968 208 278 . ee 118 8&6 0.51 

1969 - 1970 232 195 23.32 -1.7 0.0 96 109 13.40 -1.5 90.0 

1971 - 1972 147 12 2.45 63 43 6.56 

1973 - 1974 89 79 1.7 2 53 0.98 
Reference area total 35.478 (12 df) 45.38*%* (12 df) 
Missouri R. Basin (13) 

1961 - 1962 156 101 3.31 55 60 2.77 

1963 - 1964 310 405 6.10 279 224% 1.48 

1965 = 1966 273 405 16.37 6.7 -0.9 249 190 6.09 

1947 - 1948 226 22 15.71 0.7 -1.4 170 113 0.67 

1949 - 19790 136 210 0.07 74 115 3.34% 

1971 - 1972 229 194% 5.64% 87 92 0.40 

1973 - 1974 227 1465 5.28 72 74 2.69 
Reference srea total 52.468" (14 df) 17.35 (14 df) 


Great Lakes (14) 


19461 64 128 29.90 -0.9 -4.90 93 111 0.35 
1962 67 118 24.60 0.8 -2.2 153 170 27.65 0.6 -0.5 
1963 33 139 5.61 126 123 10.38 0.8 0.4% 
1944 37 167 10.82 -0.9 -2.8 $2 132 0.09 
1965 30 189 6.77 §0 171 4.90 
1966 88 179 24.57 -1.6 -4.3 209 134 0.31 
1967 69 250 40.17 0.9 -4.3 103 156 1.18 
1968 65 3456 16.74 1.0 -2.2 116 210 8.62 
1969 74 257 41.01 1.3 -3.0 92 199 8.60 
1970 60 142 23.83 -0.4 -5.90 111 #121 6.22 
1971 43 81 22.8% 0.2 -4.7 67 79 7.01 
1972 106 156 26.91 0.7 -46.3 95 109 1.86 
1973 68 128 31.30 0.0 -3.9 5S 141 17.23 -2.3 -2.3 
1974 71 #70 13.39 -1.7 -3.6 63 68 4.97 
Reference area total 318.468" (28 df) 99.37** (28 df) 
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Table B-5. Continued. 


™ a ] e F e m a l e 

Maier reference area «sw s3sesess esse rr eeerrs 0 SSS SSS SSeS eS SSeS Sse ene 

and year qroup NAD NII Test Lat Long NAD NII Test Lat Long 
Mid-Atlantic (15) 

1961 - 1962 24 103 17.78 -1.8 -4.8 34 65 10.2 o.3 “3.8 

1963 = 1964 60 107 15.22 -1.3 -3.7 63 94% 5.14 

1965 - 1966 55 198 25.52 0.2 -4.2 99 165 23.11 -1.0 -2.5 

1967 - 1968 48 163 27.53 -1.0 -5.0 50 105 8.22 

1969 - 1970 40 111 30.84 -0.4 -4.3 31 64 5.36 

1971 - 1972 107 100 56.97 -0.3 -4.6 78 61 £19.41 -0.1 -2.5 

1973 - 1974 G41 34 24.13 0.7 -5.0 43 35 11.07 O.1 -0.6 
Reference area total 197.99** (19 df) 82.55** (14 df) 
NE United States (16) 

1961 - 1962 28 70 17.55 0.5 -6.3 24) = 558 5.80 

1963 - 1964 19 117 2 88 6.17 

1965 - 1966 25 120 10.45 -0.8 -4.0 40 103 2.62 

1967 = 1968 34 143 25.60 1.9 -6.0 G8 116 8.94% 

1969 - 1970 32 89 11.19 0.7 -5.2 2 69 5.68 

1971 - 1972 38 55 2.00 23 0635 0.03 

1973 - 1974 28 30 2.56 2 2 1.44 
Reference area total 69.35** €12 df) 30.68** (14 df) 
Continental total 924.18** (30 df) 196.47** (28 df) 


@the test statistic is distributed approximately as X with df = twice the 
number of comparisons included. Test are not shown for sample sizes < 20 
adult direct (NAD) or immature indirect (NII) recoveries. Siqnificance 
levels: <0.05 not indicated, ** <0.01; mean latitude-longitude differences 
are tabulated instead of ‘"**". 
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able B-6. Results of testing the hypothesis that direct recovery distributions of mallards are similai during consecutive 
years or groups of years. 


eee eee titi 


Adult recoveries Immature « recoveries 
Maite e Fe m atleoe Mallee Fem sail e 
Major reference ar@a  -- rrr rrr rr rr rrr rrr rrr rr rrr rer rrenre 
and year group N! N2 Test Lat Long N41 N2 Test Lat Long N11 N2 Test Lat Long N!1 N2 Test Lat Long 
N ALTA - NWWT (2) 
1963-64 vs 1965-66 22 «58 0.10 8 17 33 10% 3.81 2 57 3.80 
1967-68 vs 1969-70 70 2? 1.99 25 2 2.7% 65 105 0.84% 468 97 0.23 
1971-72 vs 1973-75 GR 42 3.85 33 9 469 390 15.96 6.3 8.9 48 18 
Roference area total4 5.9% ( 6 df) 2.74 ( 2 df) 20.6188 ( 6 df) 4.03 ( @ df) 
SW Alberta (3) 
1941-66 vs 1967-70 60 162 0.38 2 34 0.26 61 148 0.11 2&8 #79 1.13 
1971-72 vs 1973-75 116 27 0.87 6 6 36 4.16 28 619 
Roference area total Le ( 4 df) 0.26 ( 2 df) 4.27 ( 4 df) 1.13 ( 2 df) 
SW Sackatche.zan (49) 
1961-62 vs 1963-64 35 97 139.67 0.9 G.9 3 29 &8 78 5 48 
1965-46 vs 1367-$8 116 6&7 6.35 17 21 122 639 0.49 116 30 1.193 
1969-70 vs 1971-72 15% 276 5.06 64 62 1.66 120 182 17.05 -2.6 -3.1 108 93 6.56 
1973-74 vs 1975 197 46 8.29 33 16 141 68 1.65 8&0 2 0.87 
Reforence area total 30.578" €( & df) 1.66 ( 2 df) 19.198" ( 6 df) 8.56 ( 6 df) 
SE Sastatchenuan (5) 
1961-64 vs 1965-66 34 = 75 6.01 11 8624 36) 62 18.89 7.7 6.5 2 31 1.24 
1967-68 vs 1963-75 62 150 &.69 21 37 0.? 46 3.95 25 51 3.08 
Reference area total 14.708# €( 4 df) 0.72 ( 2 df) 22.8488 € © df) 4.32 ( 4 df) 
S Manitoba (6 
961-65 vs 19 68 70 134 2.74 43 37 3.92 68 87 20.98 1.6 06.2 108 47 7.7 
1969-70 vs 71-72 129 139 4.16 57 65 0.73 179 129 5.33 94 95 5.00 
1973-74 vs 1975 132 112 10.10 3.0 0.6 46 30 6.76 9 102 25.31 -1.7 0.3 78 49 5.2! 
Reference area total 17.00" €( 6 df) 11.471 ( 6 df) 51.625" ( 6 df) 17.95## ( 6 df) 
N CASK- N MAN- W ONT €73 
1961-64 vs 1965-62 15 7 5 1 62 56 4.44 63 45 0.71 
1999-70 vs 1971-75 3 «31 0 19 20 112 20.13 -0.9 -4.4 11 78 
Reference area total 24.578* € | df) 0.71 ( 2 df) 
E ONT - W QUE (8) 
1951-64 vs 1965 28 48 0.29 40 62 3.32 127 1468 28.91 -0.3 -0.1 136 154 40.15 -0.4 -1.3 
1945 vs 196? 72 4% 2.90 37 57 1.45 182 175 1.83 117 130 5.23 
1968 vs 1349 S68 64% 4.17 38 69 1.75 242 261 7.96 c22 198 2.85 0.1 0.6 
"970 vs 1971 69 116 5.51 60 104 3.10 446 G73 6.68 337 32 1.19 
972 5 1973 &5 68 0.05 57 6§ 1.81 471 330 12.11 -0.4¢ 0.7 317 199 6.60 
97% 5s 1975 68 606 3.53 51 54 1.61 193 18% 8.45 98 130 0.54% 
ference area total 16.45 (12 df) 13.04% (12 df) 65.9488 (12 d¥) 76.56" (12 df) 
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Table B-$ Continued. 
Adut¢ recoveries Immattere recoveries 
Ma t! ie Fem a tle Ma 1 oe F em alee 
Maior Te@feGrencCe area = Sete SSS sas es Sees OP Se a SS 
and year group M1 oN2 Test Lat Long N1 N2 Test Lat Long N1 N2 Test Lat Long Ni N2 Test Lat Long 
washington-Oregon (9) 
961-62 vs 1953-64 94 &3 6.22 65 690 0.77 261 289 4.19 153 252 2.87 
19$5-56 vs 1367-68 87 €3 3.09 131 1 9.28 -0.2 -0.8 266 212 6.19 26 115 2.10 
1969-70 vs 1971-72 75 46 1.86 70 76 12.35 -0.6 9.7 212 16% 19.460 -1.3 -0.2 164 128 4.36 
1973 vs 1974 260637 1.37 31 17 112 113 2.40 68 57 0.03 
Reference area total 12.54% { 8 df) 22.4088 € 6 df) 32.18#* ( 8 df) 9.36 ( 8 df) 
N California (10) 
1961-62 vs 1963-64 46 76 1.03 30 «636 1.59 25 48 &.32 34 32 146.16 -2.7 -0.3 
$$5-65 vs 1947-68 &5 94% 5.14 21 7 0.83 80 130 59.5% 1.1 1.90 57 60 33.30 0.6 1.3 
1953-70 vs 19 1-72 79 109 G.14 49 69 18.57 0.4 -1.1 75 17 28.60 1.2 0.0 22 590 4.51 
1973-74 vs 1975 75 62 1.59 60 2 0.49 107 43 11.32 -0.9 O.1 53 15 
Reference area total 11.87 ( & df) 21.3988 ( 8 df) 108.38*« ( 8 df) 51.97%" ( 6 df) 
Intermountain (11) 
1941-62 vs 1963-64 119 129 17.91 1.3 0.5 63 65 4.17 97 164% 4.68 74 98 0.60 
1345-66 vs 1967-68 163 6 1.51 98 55 24.32 2.9 90.2 2462 116 60.69 3.0 -1.3 130 56 28.45 3.0 90.4 
1969-70 vs 1971-75 55 «64556 7.59 18 40 80 99 23.468 2.1 -0.4% 44 «642 2.2% 
Reference area total 27.0188 ( 6 df) 28.49** ( @ df) 88.85"* ( 6 dt) 31.2988 €( 6 df) 
hich Plains 12) 
1961-62 vs 1963-64 18 146 5 81 10 128 5 78 
1965-66 vs 1967-68 218 208 1.26 1146 118 16.29 -0.2 0.5 235 218 31.87 -0.1 0.2 168 132 33.33 -0.4¢ 0.1 
1949-70 vs 1971-72 232 147 82.02 -1.1 2.0 96 63 G2.76 -1.5 2.4% 226 109 45.48 -0.4 1.4% 104 72 44.33 -1.1 90.7 
1973-74 vs 1975 &9 6! 2.10 42 34 0.86 116) «685 2.60 69 39 2.76 
Reference area total &85.38** ( 6 df) 59.9it** € 6 df) 79.958" ( 6 df) 80.42** ( 6 d¥) 
Miecouri R. Basin (13) 
1961-62 vs 1963-64 156 319 0.32 55 279 0.08 100 506 13.09 -0.5 0.5 63 318 0.13 
1965-455 vs 1967-68 273 226 0.14 249 179 3.37 4602 206 0.47 260 126 1.33 
1969-70 vs 197!%-72 136 229 11.95 0.4 2.4 74 87 9.97 229 335 3.61 171 210 14.60 1.5 0.6 
1973-74 vs 1975 c27) 9 9.2 1.0 4.9 72 74 1.38 360 169 4.96 227 137 3.35 
Reference area total 20.8988 ( & df) 5.80 ( 8 df) 22.1388 ( 8 df) 19.41 ( 8 df) 
Grest Lakes (149) 
196! vs 1962 64 67 3.88 93 153 16.04 -1.7 -1.4 158 138 0.79 137 182 1.93 
1963 vs 1944 33 37 1.34 126 92 10.97 0.3 -0.3 161 2465 12.57 -0.2 -1.9 1946 232 3.03 
1965 vs 1966 300 88 1.24 50 209 11.16 -0.4¢ 0.7 140 299 10.99 0.3 1.1 162 291 7.63 
1967 vs 1968 69 65 0.42 103 116 9.21 0.4 1.5 307 310 9.30 0.5 -0.7 249 276 4.11 
1969 vs 19790 74 «©6690 1.44 92 111 0.88 4600 313 89.462 0.2 -1.9 306 2469 141.24 -0.1 -1.0 
1971 s 1972 43 10% 7.02 67 95 %§.82 0.1 1.9 1467 224 2.92 9.1 #9.7 162 179 25.79 0.7 1.5 
1973 vs 1974 68 71 10.00 -0.1 -1.5 8&8 69 25.85 -2.0 -2.% 317 279 33.89 -1.0 -1.1 270 264 36.73 -0.8 -1.2 
Reference area total 25.3% (14 df) 89.93** (14 d¥) ) $0.4688 (16 df) 


209.08"* (16 df 
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Table B-6. Continued. 
Adult recoveries Immature recoveries 
“Maile Fema%tlee Maile Fem ate 

Major reference OFOQ ott mmr renters s steer ree reser rere ees sss (weer ere eseersssesesecce= 

and year group Nit N2 Test Lat Long N1 WN2 Test Lat Long Ni W2 Test Lat Long N! WN2 Test Lat Long 
Mid-Atlantic (15) 

1961-62 vs 1943-6%¢ 24 «69 2.02 36 63) «612.99 1.5 -1.6 119 150 13.06 060.4 -0.9 112 128 13.96 0.8 90.9 

1965-66 vs 1957-68 55 48 12.046 90.5 -0.9 99 50 13.55 -0.8 -0.9 284 168 15.7 0.2 -0.6 215 115 5.2 

1969-70 vs 1971-72 60 107 2.62 31 78 0.14 1461 190 146.18 -0.3 -0.7 109 148 7.22 

1973-74 vs 1975 461 390 8.11 63 39 17.37 4.3 90.2 120 73 3.19 102 51 116.03 -0.5 1.8 
Reference area total 24.7988 ( 8 dF) 64.05%" ( 8B df) 66.2068 € 8 df) 62.4488 ( B&B d#) 
NE United States (16) 

1961-62 vs 1963-64 28 19 24 3? 1.27 97 155 6.16 94 1462 4.80 

1965-66 vs 1967-68 25 3% 7.31 60 48 2.39 243 176 4.57 202 162 2.68 

1969-70 vs 1971-72 32 38 4.16 42 2 2.75 65 89 7.16 138 89 1.65 

1973-74 vs 1975 28 9 24 «17 1461 61 8.81 87 6% 9.80 -0.7 -0.3 
Reference area total 11.67 ( 6 df) 6.4! ( 6 df) 26.7088 ¢€ 8 df) 18.93 ( 8&8 df) 
Continental total 176.98*8 (28 df) 195.7458 (28 d#) 612.469"" (30 df) 301.368" (30 dF) 
Bathe test statistic is distributed approximately as X with df = twice the number of comparisons included. Tests are not shown 
for sample sizes < 20 year-group 1! (N1!) or year-qroup 2 (N2) recoveries. Significance levels: <3.05 not indicated, ** <9.01; 


mean latitude-longitude differences are tabulated instead of "##". 
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Table B=? Results of testing the hypothesis that mallards banded during eenseeutive years ar greups of years Wave similar 
indiract recavery distribut |ens 


Adult rFeeeverie@s86 limmature reeoeovrerte@s6 


Ma itl e@ r e@ m @ | @ Ma i e@ fr e@ m @ | @ 
Major reference area 
and year qreup NI! WN? Test Lat Lang Ni oN? lest lat Lene Wi oS Test Lat Leng Nioo6N?) feet Lat Leng 
NM ALTA NoMwT ©) 
1963-64 vse 1965: 66 45 8? ° 96 9 8 $5 102 a.') 15 56 
1967-68 ve 1969-70 149 6) 4 14 $7 36385 2.72 6s 1.22 3?) 40 4.95 
1971-792 ve 1975=76 ) e% 6h. +6 ee 4 50 4 '9 ® 
Reference area total 1) 46 ( 6 af) 2.32 {( 9 af) 9.49 ( & @f) 4.95 ( 2? df) 
ell] Alberta (3%) 
1961-66 ve 1967-70 195 4035 4.99 2! 6) 0.03 64 1746 $33 27) 86 0 64 
1971-78 ve 1973$=74 $0) = 26 5 42 A eb ' 
Reference area total 4 9) ( 9? df) 0.03 ( ? df) 4,35 ( 2? @f) 0.64 ( 2? df) 
SW Saskatehauan (4) 
1961-62 ve 1963 646 89 190 119.07 4.35 3.9 5 30 ‘8 105 a 3? 
1965-466 vs 1967-68 195 296 2.03 44 63 0.15 260 10! 2.62 109 40 0.09 
1969-70 va 1971-70 Sta 366 819,56 -0.2 =1.6 5? 66 1.44 261 124 2.40 oA G4) 1. 94 
1973 vse 1976 108 60 1,3$ ‘A 8616 41 & 0.80 6 25 
Reference area total 2). 79e8 ( & df) 1,59 ( & af) 5.8? ( 6 af) 2.03 ( @ df) 
SE Saskatehesan (5) 
1961-66 v5 '965°-66 4' 3) 5.68 1§ 24 45 80 6 6! 44 
1967-58 va 1969-76 230 «89 0.73 46 OCO«SNYN 5) 640 0.64 9 23 
Reference area total 4.359 ( @ df) 7.2 ( 6 @f) 
SW Manitoba (6) 
1961-66 ve 1967-68 135 2646 8.7) 260 45 0.58 101 101 2.25 66 GA 1. $1 
1969-70 vs 1971-72 219 234 1.0? 72 0635 1.30 1A? UB 4 15 106 558) «613.89 <1. 6 =2.46 
1973 vs 1974 58 33 2.45 2! 5 ‘9 é 1 70 '6 9 
Reference area total 12.23 ( 6 df) 1.88 ( @ af) A. 10 ( 6 a) 1$. 20 ( & df) 
N SASK-N MANeW ONT €7) 
1961-64 vs 1965-68 30.) 018 ? A 69 79 6 2 $$) 625 1.35 
1969-70 va 1971-74 6 28 6 2 2 23) 616.56 0.5 -6,§ ? ‘§ 
Reference area total ‘A. BOee ( & at) 1.35 ( 2? df) 
E ONT - W QUE (8) 
1961-64 vs 1965 26 «662 2.35 27? 656 7.4% 84 12 1.63 59 71 6.87 =-1.8 -1.6 
1966 vs 196? e 65 0.75 4? 38 1 36 80 105 6 46 78 69 3.48 
1968 vs 1969 45 65 3.39 49 53 4.14 136 136 5.14 83 105 §.17 
1970 vs 1971 77 12? 5.90 69 99 0.76 266 36! 177% 167 176 5.15 
1972 vs 19783 76 58 1.52 4! 50 4.85 266 ‘82 6.38 ''6 89 0.71 
Reference area total 15.91 (10 od) 8.57 (10 df) 17. $2 (10 df) 2) yRee 010 dé) 
\ - "1 -— 
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Table B-7?. Continued. 
Adult recoveries Immature recoveries 
Maistloe F em a le M a 1 e F em a tle e 
Major reference area oo cr ttt tr rrr ttt cr wee em wt terse terre --- SS a eee = — = = - - 
and year group MN! N2 Test Lat Long N! Ne Test Lat Long N!1 WN2 Test Lat Long N! N2 Test Lat Long 
Washington-Oregon (9) 
1961-62 vs 1363-64 168 98 13.18 -1.0 -0.7 66 50 1.48 144 12 1.02 95 72 . 36 
1965-66 vs 1947-68 118 70 1.38 116 73 19.48 0.4 -1.3 183 0699 3.70 93 77 11.89 -0.6 -1.2 
1969-70 vs 1971-72 96 8646 1.0 59 64 17.79 -1.1 1.1 123 78 0.18 92 65 8&6 
1973 vs 1974 e 17 7 & 36 2 3.18 15 22 
Reference area total 15.62 ( 6 df) 38.7588 ( 6 df) &.08 ( 8 df) 19.11" € 6 df) 
N California (10) 
1961-62 vs 1963-64 97 315 6 27 34 4.0? 2 56 3.33 30 622 7.79 
1965-66 vs 1967-68 119 128 0.90 7 66 0.38 78 2.0% 17 25 
1969-70 vs 1971-72 108 99 0 ) 68 40 0.07 Go 45 0.32 13 18 
1973 v5 1974 49 1 16 11 44 13 21 0 
Reference area total 7.65 ( 6 df) 4.52 ( 6 df) 5.69 ( 6 df) 7.79 ( 2 df) 
Intermountain (11) 
1961-62 vs 1963-64 175 216 19.98 -9.5 1.4 1 66 2.15 03 188 3.90 57? 69 2.89 
1965-66 vs 1947-68 23 126 3 60 123 3? 1.05 239 90 30.12 2.0 -1.4 117) 32 23.52 3.0 -1.0 
1969-70 vs 1971-74 68 9 0.42 36 7 50 4.17 43 21 4.77 
Reference area total 24. 008* €( 6 df) 3.20 ( 4 df) 38.198" ( 6 df) 31.18#* ( 6 df) 
High Plains (12) 
961-62 vs 1963-64 60 295 12.7 1.7 -1.9 12 79 23 (151 16.890 3.5 -1.5 8 55 
1965-66 vs 1967-68 496 421 8.3? 97 151 6.69 270 278 1.32 121 86 2.71 
1969-70 vs 1971-72 2°83 199 39.92 -0.9 1.9 98 53 35.73 -1.6 14 195 125 14.09 -0.1 1.90 100 G43 14.04 -0.9 0 8 
1973 vs 1974 47 3) 3.0: e2 11 45 34 0.0% 29 24 1.01 
Reference area total 64.1188 ( 8 df) G2.4288 ( & df) 32.1688 ( 8 df) 17.7684 (€ 6 df) 
Miseourr R. Basin (13) 
1961-62 vs 1943-64 64 502 9.41 &5 314 0.2 101 405 4.12 60 22% 4.90 
945-46 vs 1967-68 7 396 7.38 343 195 2.89 405 222 1.99 190 113 1.22 
1969-70 vs 1971-72 81 251 9.32 0.6 1.6 10% 89 10.62 0.4 2.0 210 195 4.66 115 92 0.10 
1973 vs 19°74 28 390 1.75 34 27 6.09 101 44 0.68 43 31 2.51 
Reference area total 18 86 ( 8 df) 19.86 ( & df) 11.45 ( 8 df) 8.73 ( 8 df) 
Great Lares (14) 
1961 vs 1962 1460 98 0.93 175 242 2.32 128 118 0.40 111 170 7.70 
1963 vs 195% 6! 60 2.00 125 119 5.36 139 167 7.3% 123 132 3.75 
19565 vs 15946 83 121 0.26 107 197 3.09 189 179 0.81 171 134 0.7 
1967 vs 1968 99 1468 5.68 126 162 1.30 250 346 5.33 156 210 2.33 
1969 vs 1970 129 93 1.30 109 &% 0.22 257 142 8.21 199 121 5.12 
1971 vs 1972 57 109 0.83 58 119 1.10 81 156 veo 9 109 1.02 
1973 vs 1974 &0 44 2.47 76 19 12 70 7.469 141 68 1.36 
Reference area total 13.47 (14 df) 13.39 (12 df) 35.3948 (16 df) 22.0% (14 df) 














able 3- Continued 
Adwetle recoveries Immature recoveries 
“ 232 ie Fem atile “ 2 1 e F emaile 
Major reference area ---- rrr rrr rrr rr rr rrr rrr wa ee ee ee ee ee een nr Re ee eH ee ee ee eee eee ee eee 
end year arcup NTO OND Test Lat Long N! N2 Test La Long NY! WN? ese Lat Lona N1 WN2 Test lat Long 
Mid-Atlantic (15) 
1941-62 vs 1963-864 67 80 9.4 2? $3 4 37 193 107 1.20 465 96 6.53 
1965-66 vs 1967-68 132 66 1. 33 1130 62 3.17 198 163 2.62 65 105 3.82 
1969-79 vs 1971-72 S56 105 0.35 29 «64659 0 0% 117 #190 0.19 45 61 3.98 
"973 vs 197% 16 5 $ 3 a> en <7? g 
Reference area +ota! 19.86 ( 6 d¥#) 7.58 ( 6 d#) 3.92 ( 6 d#) 14.33 ( 6 df) 
NE United States ('6) 
1961-62 vs 1363-$% eo?) 21 0.469 26 «37 0 $7 70 #997 5 aa 58 388 3.77 
1965-66 vs 1947-68 27 638 7.9) 32 630 6.346 120 163 5.36 103 116 0.0? 
969-70 ws 1971-72 49 633 1.30 31 '9 89 655 9.12 63 35 6.52 
1973 ws 197% 5 3 7 8 17 13 15 13 
Refererce area total 19.47 ( 6 d#) 1.31 ( 6 df) 11.36 ( 6 df) 6.36 ( 6 df) 
Continental total 139.9788 (28 d¥€) 90 Slee (74 dé) 109.627*8 (30 d¥#) 94.65" (28 d¥€) 
athe test statistic 15 distributed aporoximately as KX with df = twice the number of comparisons included Tests are not shown 
for sample sizes 29 year-group ! (N!) or year-qgroup 2 (N2) recoveries S1qgnifrcance levels <9.05 not indicated, #* <0.01, 
mean latitude-longitude differences are tabulated instead of ***’* 
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Appendix C 


Inferences Regarding Variation in Recovery Dates 


Recoven dates were shown to van with time since band- 
ing. Such vanation might indicate that survival or recovers 
rates. or both. change asa tunction of number of vears after 
banding. Ht such variation exists. then ait reflects an impor 
tant deviation from: assumptions of models generally used 
toestimate nugratorn bird sunaval and recovery rates. Here 
we examine the effects of sach variation on estimates of sur 
vival and recovers rates obtamed under the Seber Robson 
Youngs model (Model To of Brownie et al LOTS) 

bora 3-.ear banding experiment. the structure of the 
hand recovers matrix under Model 1 1s 


Fapected number recovered 


Year Number bn sear 
boarded bearded | ? } 
| \ Vf NVS¢ VSS4 
7 \ Nf. Aad 
} \ Ni 


Where Vo denotes the number ot birds banded insveare. and 
Sand? are the survival and recovers rates tor: ear’. Under 
this model. recover and survival rates are specitic only to 
calendar vear of recovers 

One war to specity the structure of the recover. matrin 


ander an alternative model as 


Fapected number recovered by vear 


Year Number 
banded banded | 2 ; 
l \ Niaft VOSS af Vib sibs af) 
2 \ \ ia f \ ih Nota) 
; \ Niaf 


where a Sprocnbies ac hangean recovers rate associated wath 
the pth vear after handing and db Spe ihaes ac bane Wisur 

vival probability Forexample. the recovery rate tor birds 
handed in vear | and recovered in vear 2 Gf as tret tee 

essary the sate as that for barcds boatnchedd and recovered 
at 


fri the tollowong results at owas conmvenpent to let the soar 


’ 
Wi \earie 


and recovers rate coathents ia) take mutial values 
of | Quand? 


annount. 3 


vival oh 
yenouncrease or decrease annually bx a constant 


| ore Kaarnipole 


su (WO araplies a lia }a a 1 
au DP amples a bia 1 | 7 1%) 
au WoT aniplies a la wy a 4 
Phas at all f and 8S remain constant ine of _—_ v 


pMrsttave ral jes cof 3 correspond foo tates that 


Increase With nurober of vears after banding. whereas mega 
tive values correspond to dex reasind rates 

The objective of this work was to estimate or approx 
tate the bias in estimates of S and f cobtained assiinming 
Model | 


Increase or decrease with time since banding Two methods 


Wosurvaval or recovery probabualities. or both. 


were used to examune bias. The first method tvolved tse 
Hac nputer simulation medel in which recover iatrices 
were geoerated from a multinomial distribution with cell 
probabilities defined by p28 oa. and) Model | estimates 


were computed tor each of a number ce og | 200) of recovers 


tatnioes generated using the same parameter values. Mean 
squared error and sample vanance were then computed tor 
each S and f trom the 200 iterations. and squared bias was 
estimated as the ditterence between these two values, Monte 
Carlo sanulations were also used to examine coverage of 
the estimated confidence tervals and power of the 
LQTS) 


Confidence inters als were estimated trom parameter and 


Model | goodness-of-fit test of Brow nie et al 


Variance estimates foreach iteration. and the proportion 
ot iterations in which these intervals covered the true 
parameter Was ree orded A goodness-of-fit test statistic was 
also Computed based on the data and parameter estimates 
of each iteration. and the proportion of iterations iw hich 
Model Twas repected (P< 0105) was recorded) The other 
approach was te approximate bias by computing the first 
termioin DPavder sores expansions of the estimators of S and 
f  Browneet al POTS 16) about thie ON prec ted values of KB. 
( and] 


matriv. Browne et al 


column. and block totals of the recowers 
1s 


the row 
The difference between this 
approvimation te the expected value of the estimator and 
the true parameter Value represented an approvimation of 
the bias Monte Carlo samulations suggested this appro 
tation Was good. because the higher order tennis on the 
Tastor series « pansion apparently were not large for the 
Situations examined 

Both methods of investigating bias naturally require 
kro becuse ct the 


tated. which was net entirely ob views Bore sample. there 


true Value of the parameter berg ests 


are two recovers rates tor vear 2) Birds banded in vear | 

Whereas birds banded 
Cdr 
Ap pent hasty sinnipel tuke the arithmoetac mean of the re 
Nricothver 


APP That hos tocobtain aomeancot rates weighted by the man 


are recovered wath poreobocabvality af 


, 


movear 2 are recovered wath probability af 


cover comsumivabl rates tora goven calendar veat 
bert birds expected te be alive at the beginning of the 
Interval for which the rates ane expected to pertain A wen 


eral eepiiation feor tle werghted ANVeTave pecovers fate ps 





eee | ee 


or \| 








or 
_ r | vl 

2 be Ils | Ilb Ifa... 4) 
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yy = riifx <iqrlifx <iq 
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A similar expression for S.as obtained by substituting 
|S. b. itor|f.a 
Both methods of approximating bias are quite flexible 


}in the numerator. 


and could have been used to examine a wide variety of situa- 
tions. However. it seemed appropriate to standardize as 
mans Variables as possible for comparative purposes. Unless 
otherwise specified. all runs used 7 vears of banding with 
all N = LAWS = O60 andf = 0 10a = 1.2. 7). 
Taslor series approximations were used. except: where 
noted. Both methods of computing “true” parameters were 
used. In some instances the true values were not ambiguous 
fe.g.. When all 34) = 0). Both approaches show ed the same 
direction of bias. but the bias using weighted mean true 
values was usually smaller. We have condensed the presen- 
tation of results by including only weighted mean true 
values 


Effects of Recovery Rate Variation (Aa +0) 


Whereas the expected value of f (denoted Bify) 
remained unchanged for Sa ¢ 0 in each of 7 vears. the true 
recovers rate (f.) after vear | deviated further trom Ecf) 
each vear in accordance with the sign and magnitude of 
Aa ikig. ©-l 
decreased annually after vear 2. Confidence inters al cover- 


The increment of deviation. however. 


age of f when da > Oisshow nin Fig. C2. where each point 
represents results of 200 iterations with the simulation 
When a 
interval of f more trequenthy with the passage of time. A plot 
of dba < 0 

Tasior sones approximations of the effect of Ja #0 on 


model > OO. f tell outside of the confidence 


net shown) vase nearly identical results 


survival rate estimates (Fig. ©-3) indicated 8 was biased 
for all vears in accordance with the sign and magnitude 
at Qa) Contideace intern al coverave of the truce survival rate 
Si when da > OcFig C4) andicated that. for most values 
of Sa. S fel within the 95 
proximately SO V5 


confidence interval of 8. ap 
of the time 

Phe ability of the goodness-of-fit test to repeet the by 
pothesis that the data tit Mlodel | when da 0 is show noon 


C. | —_— . 
—_—~ - — “— 


_——s es wt 


Fig. C-5 (dashed line). The power is estimated as the 
proportion of the 200 Monte Carlo iterations in which 
Model 1 was rejected at the 95° contidence level) For all 
values of Aa. the goodness-of-fit test accepted the hy pothesis 
that the data fitted Model 1 approximately 95 


Variation in recovers rates was thus virtually undetectable 


of the time 


in the situations examined. 


Effects of Survival Rate Variation (Ab +0) 

When we examined 36 0. bef) deviated trom ton all 
but the first and last vears (Fig. ©) The dew aateon was 
sminetncal among vears and greatest in the middle wear 
of the senes. The sign of the bias was opposite the sign ot 
Mb and varied with the magnitude of Sb) Contedene 
> Wibkig ¢ 
for the middle vears of the series and tor the hagher values 


ot Sb 


bigures C-S and C-9 compare BOS) and S when db eo 


interval Coverage of f when db Was proorest 


The bias of So was of the same Signi as M Ureatest in the 
initial estimate. decreased through the vears. but reversed 
itself near the end of the somes. The pattern re maimed nach 
the same with 6 additional vears of banding (big C10 
Contidence mternal onerage of S when dh > Oki C11 
Was poorest in the initial vear of estimation and improved 
annually excopt for the Last vear of the senes 

Power of the Mlodel | goodinesscof- fit test when 3h 20 
(solid line in Fig. ©25) was comsaderabl) +0005 tor lara 
Mb The Power CUPe Was ast tinetrn with greater peawer 


for M 
vival rates with appreciable variation appeared likely to 


> 0) Thos. unlike variations in recovers rate. sur 


resultoin repection of Mlodel | 
In samumary if survival rates appreciably varied as a 
function of vears after banding. reyection of Model | as 


likely 


Vartation of recovers rates. ites difficult to Lin poet bneesaze a 


Although reyection is unhikely for an appreciable 


spectiic directional effect ot «relationship between recoven 
dates and recover rates. For example. carly recovers dates 
might relate to greater vulnerability to hunting. hence 
hawher observed reaver’ rates versely Assunta rela 
Honship between recover date and geographic area. carl 
recovery dates might relate to recovers in an area ot lower 
reporting rates (nearer the banding sites. hence lower ob 
served recovery rates, TH both ot the above ti pathieses ain 
correct. the biases would be offsettume Also. we bedsewe that 
the ratho ot recovers. rate bots ter standard error work be 
ver dow. Tnoother words. at a bias exists we expect ait te 


foe cot datthe Dray mort ance compared to sampling Sabatino 
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ig. D-7. Percent derivation of the mallard harvest in Manitoba Fig. D-S. Mallard harvest dersation simularity maices tor Mani 
Shaded) trom major breeding reference areas toba (hatched compared With andbeoes tor other harvest areas 
































Fiv. D-9. Percent derivation of the mallard harvest i Ontarto Fig. D-10. Mallard harvest denwvation simuatarity midices tor © 


shaded) trom mayor breeding reference areas tario (hatched) compared with indices for other harvest area 























Fig. D-11. Percent derivation of the mallard harvestin Washang 
ton (Shaded) trom: major breeding reference areas 
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Fig. D-13. Percent derivation of the mallard harvest in Oregon 
(Shaded) from major breeding reference areas 








Fig. D-12. Mallard harvest der ation similarity indices tor Wash 
ington (hatched compared with andices tor other harvest areas 
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Fig. P-14. Mallard harvest deri ation similarity indices tor Ore 


vou (hatched) compared with indices for other harvest areas 












































Fig. D-15. Percent dernv ation of the mallard harvest in ¢ alifornia Fig. D-16. Mallard t= rvest dernation similarity onda tor Cali 
shaded, trom mayor breeding reference areas fornia (hatched) compared with indices for other harvest areas 
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big. 1-17. i reent cle rivation of thre tnallard hharve stim Wy faorn big. 1-18 Mallard hicarve st te rivation iitlarit sracdn ex tor Wat 
Montana (shaded) trom mayor breeding reference areas ern Montana (hatched) compared with indices tor other har 


vest areas 
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‘iz. D-19. Percent derivation of the mallard harvest in Idaho Fig. D-20. Mallard harvest dern atron samuiarit, indices tor Idaho 
shaded) trom major breeding reference areas hatched) compared with indices tor other harvest: areas 
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Fig. D-21. Percent derivation of the mallard harvest in Ctah Fig. D-22. Mallard harvest deri ation sanularity ada tor lta 
shaded trom major breeding reference areas thatched compared with indices feor other harvest atTeas 









































bi 1)-23 Perecetyt cher at yen t tle allard harvest in bastes tiv 1)-24 Mullard bharvest choris ateon sanularit indo tor bast 


Montana shaded) tres tbrevding retere va orn Montana ‘hatched mared with indices tor other buat 
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big. D-31. Pereent ders ateon of the mallard hanest in Wester big. 2-32. Mallard harvest der ation samabarnity undices tor West 
Ne beravha ishaded) trom: oiapor breeding reference areas om Nebraska hatched) compared with oudices tor other har 
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Fig 1-35. 1’ Tiw't 
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I iv. 1-36. Mallard harvest dern ation 
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Appendix E 


Temporal (Within-season) Derivation of the Total Mallard Harvest 


Temporal (within-season) ders ation of the mallard har 
vest is estimated here for weekly periods during which we 
estimate that 1 or more of the area's harvest occurred 
Weeks of less unportance, as tar as harvest levels are con 
cerned, are not tabulated. Temporal derivation of the total 
mallard harvest was based on 1961 75 recoveries each 
adjusted tor band reporting rate. population weighted, and 
then measured avainst the season's harvest and converted 
to percentages. Week 1. common to all harvest areas. begins 
on | September. These estimates are affected by such fac 
tors as annual population fluctuations. changes in band 
ing intensity. hunting pressure. timing of migration. and 
changes in hunting regulations. Variations in season open- 
ing dates and changes to split-season frameworks are of par- 
ticular concern. For these and other reasons Caution must 
be exercised when interpreting these data. Dates of weekl 


periods are shown in Table F-1 


Table E-1. 
that correspond to 


Dates of weekly periods 


Table E-2. 


those shown 


1m 


SAW E WP OW WSDL UN 


fh PRO RI AQ AD ae mo ae =e ot ot ot ot ot ot 


WPI - Cw Ww 


PIM ws 


hINM 
WS OWA OP UIC 


— 
“© 


1 = 


y and Monet 
- 7 September 

- 14 September 

- 21 September 

- 28 Septemver 
September - 5 Octobe 
- 12 October 

- 19 October 


October - 2 November 
- 9 November 
- 1§ November 
- 23 tHhovember 
- 30 November 

7 December 
- 14 December 
- 21 December 
- 28 December 
December - 4 January 
- 11 January 
- 18 January 

“ 


nr 


5 January 

January - 1! February 
- 8 February 

- 15 February 








Tern 
ae = 


by harvest area by wee! 


hunting 
area 


WA-OR N Ca 


1-75 
ONT W QUE 


mallard harvest 
Dos M+ se WwW 


cr? 


” 
; 
cex 


, — 
. 


Harvest 


a UV Wt» 


m= Oe 
wv ve 
Oooo 


Qo oa © 


QoQ oo © 


QoQ ooo 


ooo ao 


oa ooo 


ooo ° 


OQ OO © 


ao roa 

og roo 
Qe 

oonon 


oOo Oo © 


CC QNae 


moo QoQ 


oooo 


ooqnao 


oo oo 


ooonro 


oa oa © 


oa oa 


o oo 

ee 
ae oe 
» . = * 
«l t «1 t 


' 
ws 


ees iS aeee 
MOOR OTE Rin 
Lo ed 


Sceocoeococooceceo 


Qoeooorooo°”roeoooo°ocllh.cl lm 


coooconmooeoccoeo 


inns tna tiara hate har tartare the aati a 


seeceoccoceccceo 


eaeaeeanereooreoc°® 


eeecooceoceonece 


eee ee 


ecooocoecconceece 


eeor er nne eaocooaoo 


ooocooocooce- Qoo eo 


=a ee eS eee 


coocococoooocoo 


PNNTASIFNNOR MST 


OOONMAMINTOUNE 


er 


ecocecooeococoece 


2 ees 


cocooceoocooececeo 


=e SS 


coucccooocooooo 


QoQoc ‘ea Seer 


ecooccececeocece 


Sees a 


CRB Ennenentennes 


een Seen ees 

Perry te ere eee 
ia) 

emovwoveor ae 

or © os eh ae cae oe a a a 
Ne row 

ren am ete ss = 

oo! MINANNERMO ae 


nao ®wrm Mm wore ww om” 


MmrwNwre DWF Or VM or HO 


rrr fF fF - 


OOqOqaoOOooOomoo oon 
ONO MOAOMOOGHOHDOOM 


SNOAMCON@m TH 
Abe = SANK ICAM 
Se a ee 


coacoceocococcoe 


eee 


coccooeoooooc]o 


sean = ON@®@ 


cooocaeoocococo 


NOM AMNVNOMEanM 


oQooooroorfr oem 


omwrwsrnm ONONOW 


r OFT wee Or OC 


eesrneanrnrn~n rn 


o> de a oO ak wee Oe oe 


Seeonen= a= @@ 


SoD OC CCC COCO 


= SY ee 


coooCoCeCOCoOCCO 


Q2Qoononooucloelloll lll lO 


[ee I se BE ee Ee oe oe ek we oe 


eSnNeoerneoes ©© 


o-oe-nooconoco 


eee 


scocococececo 


lida Alia acl dil Mita 


eceo-een-ece 


NMMNOOSS ON 


KE COORKANGE SO 


rr eer fy ef 


NNOTANOOT Or 


—- VUE Oe Cu w@ 
K-wowms sr SOW TT O 
Qoerwnnrnonr wom Oty 
NWDWORreMh WOOr won 
m™ OOVraryEOVON CU me ON 


—“- VOT Nor Oro” 

- 
<t < 
= 
ad «J 
<t <1 





re 
. 
4 
Wee euBs eee at oe 


PermFe ras 
bid 


—) 


SY iwisiiiss § 


FY Mets eee 


BEST 
baw) i 








—— oo so Oe 


fF2eernmrs «e - 
‘ 


Continued. 


Table E-2. 


ee tii el 


nq 


band 


area 


f#erence 


re 


Major 


a 
e 
—) 
vw 
0 a 
Lie =e wo 
zeae 
Cc 
_2w 
lowe 
Dew 
- 
) 
~ ww 
vw @ 
Ox 
. oF 
e- Ow 
= 
3k. C 
OW e 
“ir wre 
Vie wr 
Of 
= 
wv 
£c 
Die N 
om te 
Te 
a. 
= 
vec 
~~ 
cer 
| ee) 


8 9 10 


N MAN E ONT 
7 


N SASK 
6 


5 


SE 


SW 
SASK SASK SW MAN W ONT W QUE WA-OR N Ca 


4 


—< 
a 2 a) 
ND ad 
<x 
Tr 
- = 
I ZN 
<< 
zz 
YX 
zar 
a. 
> 
w 
an a4 
>avdad 
&& ca 
oun 
x 


aQaovrvr © 


omvwworr 


--—- oo 


eo o.oo oO 


oooooOoo 


oooooo 


cooooeo 


verrr~n 


eoocoece 


rwrwowsre em 


Moe rm ev ey 


_ © © © @&© «@ 


'_ © © © #8  « 


omwowovwor 
Mm OOrm uy 
NNN ON 
- OM OMmMo 
ewrwnw cum 
wre 


Mon BHOSOONY 

AN OOMINE OMA) 
oe wr FY = 

eon @eoon e222 


ay-T--4-0 1 TT 


oeocecoocoen 


rennmmmamn 


eeNn-ennn-o 


re so 

— = ONE HCOOS 
- FF er oe 

onmMennanre~ 


e-cco-ccon 


——eEE 


Sooo C OCC C OO 


aera eo 


*_ © © *©  @#  « 


cSoococococeoo 


———— 


SeooceCOCCCe 


Nneovroenes 2oOo 


KWVNPORDOwOFrwo 
™~oOwOWMmMmo wwe 
TRrN PK MONK NOs 
E2TFTMOBDADNONN® 
FWMWMrm ONOwW Ww 
TKOwrTnPwrTITNT 


OMMosrNDoro 
~N 


ON KNENMMON 


o-mnmmaorsn 


seeonnenrenm= 


eooncenomn 


BOM28HOMSe2e 


COrMNMwDcoe 


Se Seseeeeee°e 


eoococoooce 


NOT OM OMO- 


ene meu OW OIA v 


wey COONS AMM: y= 


--- = 


COUN DMO MK BHU 00 


eNn=---e---enoccoce 


we For rnmwnwm vn = ©: m 


hn om ee ee ee Qo 


SOMMONH TOON = 


mes il ene -nnonmer 


- - Cy 


NHoomen nar OMNA = 


MENUS woorKrNEe NN 


BSS eeeeoesse2oeere 


ee ee ee 0 ee | 


Seen eeesoeeooece 


SOOO COCOC COCO OCCOO 


be se se we ee ee ee me ee we 


ooooooouloKullOllolloOo oOo ole 


eS 


SeEeCeCOCCCOOCCOCO 


WEN OT ennnr ™ 
SBME NOSENUMSOOR 
Ne OM WWM WE Or we 


WY 68 6O CNN Ne@eeao- 


In Oo MAO-NsTOCORMN 
wr - — Mey ae) mmr. 


nN Seen = eee’ 


cooce-ce-en-conco 


——— ee Oe 


>. © * * «@ 


cooovovecocoeccon 


eee ene Sones ae 


ecoco--co-scecce 


Qa oooooooooll.ollKlUulllm 


ooo ooouloOlleollollOollolo oOo oO fm 


—o ee a ee 


i ee ee on ee ee 


eooooooooolcollUKllolullfelle 


eoooooooo0°c”roeooooo 


MOTFTwmworm DADFrOer VMS WO © 


-—-—-— &§| -— — 


rom. TOOEMOMUFOC 


C1 o°nr vw) eu) 


jo @&= & 


ie oe ae ee 


aovrews 


Wwsesurmor.r 


SAnewreanoeoce oo 


Qeoconroorooo°ncoeoao 


= ONNeOoGOeSwoOo= 


or OOOO OM OOo wv 


RSS Sees e ee 


-ecooocecec 


Sooeeooeeseee@ 


eccocoeococecec 


Soe eee See ee 


cooooceoooceo 


Soe 


eocecococce 


ea eee 


cSocooooeceo 


mNOOWCMWOIN TY 
—-MMOMVDOK NOWM’? 
DDD OH HY Here er HH 


cooweococooccoceo 


NHesSeenoreee 


eooceoocoeoceccso 


saaitietan Acer na rtinan teaartiertnretiaans 


ceoocoococce 


Soeooeoeeeoeo 


cSoocooceoocce 


—— a aS 
SoOeCeCOCCOONCSO 
v 


eoecoaeccoooce 


—_— eee 


eceeceecece 


ire 








Continued. 


Table E-2. 


nq 


bandi 


arees2 


refteren 


o 
Et 
we 
vw 
oo 
Ud oe et we 
zr 
c-#- 
aw 
| = 
Dew 
—aeo 
= 
~ w 
om @ 
Ox w 
. er 
om Ow 
& 
7k C 
OU - 
Via We 
Ye Ue 
~ Of @& 
> 
la) 
£¢ 
Ce ty 
- Or 
te 
a. 
= 
gc 
ee 
cEO 
I) 
nm 
vo 
= 
ac 
© 
na 
rt 
3 
be LJ 
zDD 
Owe 
ui = 
a a 
vo «et ZF 
«Tor 
Ww? 

zt 
Zz 

Zz 

«I 

wo 

™ 

Ww 
Www 
vo «tt 

[va] 

. 
“ws 
vie 

Ww) 

<r 
Ie mes 
WY 

< 
<b 
= = 
wt OV 
< 

z= 
=) 
zar 

a. 

we) 
uw 
am x 
>avn sa 
&& Cc Qa 
veov se 
= 


0 oom 
NN 
«a* 


oo oo 


eooo 


oo nro 


oo we 


Wr a Mm 
- 


- © © 
-_- - 


ommsroo~ “oom erie) 


en A de od ee Sal nner rwnmwov 


OooodocqoncnrqonoQocraondoomnoon ono. 


ooo oooo O00 COO 0 OC QO Oo & 


Qeooocooooo no OMm oo on oO aS 


Qoonmraen nano OOo OO OOOO Oo & 


Qooonrococ”reaoaoonr Oooo 0o oO © 


Seoooccoococoocoocoec[e 


aa mmeaeeaoenmen==e 
EOOQOCCOEOCOEO OO O00OO 


WT VUOMONY Cy EY EU eu? AEN: . 


r Oooo oOolOlOl OOOO Ol OO So 


== oO een ea fw ee 


Noeoneonenne- He ce 


eonwn PENN ONNGS on: —) 


-eo0ecaoecocoecoococccc 


meen Mw ee uy oe Wram 
weer avoeno —M= Osean 
mre Ee ee ee & ed 


be ee ee ee eee ee ee oe ee ee 


oe eee ee eee ae ee a 


aooonnunwon°n°nrcnennrcnrnTnc°cneoeoococ” ]: 


—— 7 =e eee ee ee ee) 


eececoccocececcocece 


see eS eases Qa Q°0o0 © 


eeccocoococacceceo 


SN = heen eo = 


oniwnesr cue TMOMMOY wo. 


re ee hee vas ahead vo 
eerwoBNnom Sth a kes a 
ad oo ad ee oY ee a el 
~~ BNANNAMOONA CJ 
wMnw-o ™ ~eeNNnonvon 
- CYVOEUV CI POMmmo sr CucucCur Cur 
wooronuor NOIFNANOMO 
ee ome an or ne ayo OROW 


wrwmoousrswer Com ror er row 


Or OPrOrK CLIOw Wor Oman 


Cn ee ee ee ee ee raven aw) 
er «ff «ff «ff fT «7 «f «ff #T «ff #T #7 #7 of <t «* 
a> oh ak che ob ab ob uke ch uh ob ch ob cb ab ob 


were oye 


OoOomoao a2 


OOOoen-< 


oo Oo © 


oOo ©o © 


Qaoanaa. 


2 OO” > 


Qaooeqaocdc 


MOO O&O 


QoQ ©O © 


Qa a Qa iv 


QoqQano- 


vw Non 


Nene s 


- orm © 
vrwrr OO 


Mmmo wr 


c oOo a ~~ o> 
« oo oc 
- < < 

c fo 
c QoQ oar 


< c c < oc oc 
e2Qnorn Ftlio@-v 
Ooo" OOO © © 


WO MNOr OOom ” 


—-— Moc. —A Om Os 


Face tattle ov 


Aeananne 


PA ONG 4 


GO Ore @- ww 


™ @orwes 


= = ee | 


Le oe ee ek ee) 


be ee ee oe) 


QO0o0 2 OO © 


QeQooon 


oQooroo 


QoOoo°o oe 


eQoOomO oo 3} 


QO oOeooono eo a) 


oQQOoonon 


QoQ oer = = 


Qooir wee 


KRONOS 
or ae Se 


eo Ool0llUoOlUllOlOoO oO 


2Qoo0QOoOoOo oO > 


ee ee oe oe hoe |] 


CC OOOO 


_™ word 


“OVC ~arryr 


- FTwWomMmocr —w LL 


-_—- & © 


2K— FUP Or @ 


--"- cc - = 





yt 


br § 


| 


~_— — 


- 


meee 





Imo 


Inter High River Great Mid- United 
16 


banding 
Ss 15 


Missouri 
13 


o # 
mtn — Basin Lakes Atl States 
‘ 


11 


area 
16 


7 


N MAN E ONT 


N SASK 


6 


reference 


— 
_ 


SE 
NWT ALTA SASK _ SW MAN WONT W QUE WA-OR N Ca 


— 
Beis u 


Sw 
- 


Major 
SW 
3 


Continued. 
N WNW ALTA 
PAC NWN 
2 


1 


area 
and 


week 


Table E-2. 
Harvest 





reer 
rn_ne 


Wee Fr oowrneawonn nav 


MWWNMON FT OE OOO oaovww 
- - 


ooo oonconoocoooooonoaoaea 


eo ooo ooocooco oe aoc eo 


Qoooooooooooooon oe 


._ * * *&© © © @© © @ @®© @ *& *© © @ © 


eo oQeooconoonroco oa ca © 


Oo ooocooorcnonooona 


'_ *+ *©§ © © © @&© © © @&© @ @ @® * @ 


eo co ooo oo oo oO 2 oe eo 


wTrTeor OC Oo OMOonmocoov o& 


._ © © © *© @&© @&© @& *& © © © © @&© @ «© 


ooroaooocooonoooooanoao 


mworwnoeodnrnren OOMrmw@or wo 


*- © * *§ * *® *&© & #*® @® ® © @© © @& « 


Or MMmN OE ONO eNrTr rT Ore 


Mewrrr MOM BawTor MON Ne er 


ws Or Ff OON | Mr &— Mr 
WOO wTVNV VMN NN mit 


SOOMNNVNONNN=R AM ne 


._ * * * *& © @© © @ @© @& @ 


eaoeoooceoceoocoocoeo 


TFOrrKrNWMNOWNN © OnMmnr 


>-— © © * @*® @® *® @& @* @® @® *® @® @® @ 


Neer NOfr wr fer ee Ne Ooty 


-_ © © © *© *&© © @&© *&© @© @® © @ @ © * 


Qo ocoo oooaoncceono noon ©. © & 


Qo oo ooocococoooocoonooa 


> *- © © © *© @© © © © @© *© © @ @  «@ 


ae ooooooocenrooaor ona 


OE oooooonmoonnuoooo 


* © © * @® © © © © © @ *© © © © «* 


eoooonoocoocooooooaoan 


eo oo ooo wnooaonwvrceor coe 


*_ *©* * * *© © @®© © © © © © © @ © «@ 


NOEONOOHWMECOCOFT NOr oOo 


NOECMO 0 OCW Or tir MANN @ 


*_ © © *© © © @ © @ @© @ * 


NOMMNM ON MWHK TRON MN YS 


--— -— 


mFOr OTF OW OMOoO fOMmVvIrT 


PMMFE mM OoOrm TF & &— & oO 
TK NMeK MNF OF Tmo 


BKK FOHDHOMNAHPMNNG 


OMmNNOV==—Menennr. ~" 
- '% mvt ery - 


~eoooeonosornoeoom 7ee@ 
oF - QBOGOQPCOPFOOMTOOE 
wT - 


OEP OFOoer Ny OF OWOPE OF OF 
FF FF ee ee om - owm 


aaoaaoaanagannnanaaaan 


Dek rd et Rete bet rt mrt fet fect bre ft bet et bet bet bee 


BMoovqgoerewee wre NVONN 


>_ 2©- *©*+ © *&© © @© @ @& &% © © © @& «@ 


WWMM ONMMOT MOF WOM 
- 


geococooconoo oo oo” 


gQooccocococoo nooo Oc oc 


eQoocoooooocnoeocooo.o 


>_ ©¢+ © © © *&© © @© © © © *© @ © «@ 


Qo oooonocooocno oo oo © 


ooooonoocoocn oon ooo oo 


>_ © © * *© @&© @© © © © © © @ @ «@ 


Qooooocoooo 28 O20 00 02° 


Qo oooocococonoroonrcowwvwrc oc 


_ *+ * © © © © © © & 8 * 


eeoeooceocoeooonoceo 


SNBDOSSHSSOCSOSONOS 


._ * © © * © © © © © @© @ «@ 


ooococoor coocooesaco 


DMN FOOHBOSVLINGOS 


eoe@aorrmewegrTr wr m~RKROO 
~™ oreorwovw FT OM; FF we OV 


eoocooocrcoocooono oo f° Oo Oo © 


eooecaocaoceoooceco 


o- SSOSSSSSSESSCeO 


_ * * © © @© © © @ @ @ & 


eooaooaeoooeooeoenoe 


gon oncoooon oc oo 0 © 2 


_ © © © © © © © © © © © @ © «& 


QoQoeooncnoono oo nooonao oa © © 


BS OOSSSSSSSG8660 


_ © © © © © © © @ @ 


eooooceooceoeococe 


Qoeoeonooooaoooonoo 


_ *©* *© © © © © & @ 


eEeaoceecocacoocceoccoa 


BOOS SSSSSEG068060 


ceoocecocoeoocococo]o 


BOoeoeav somene Nno- @ 
Seveowevevanwe-o 
- ov tf 
NINBMIANBHBO" HNO 
SNURKHNKSSOSOSOSTHNOrCS 
NNT CF KF | OVI FF ON ty 
eneooann eornreoces 
or eoovn rOQonmvrocococo & 


-me tstyv ™ 


@OSSSSSGSGG886868 


Oo oonoonranoao oncom me © & 
MwWnrm OF Or TM Fw wr 0 > 
-——-—-— -— ee ee © 
BZBVBVBIwws I BBCI TS 
' i ' ' i ' ' i ' " 
— &— &— be be t+ b— be & © — o- — & 
EELeerererteeererereert 


~~ One 
-mmNoO 
--rtye 
2020 0 Oo © 


cool oO © 


QoQ ooo oo 


oo oo © 


ooo a © 


ooo oa © 


ooo oa @ 


Qo oo 2 © 


Qo oo oo 


ooo oo 


ooo oac 


oOo oOo © © 
ooQe o> 
-_--— ee 


QoQ oo © © 


QoQ oo oa © 


OQ oOo © oo 


Qo oo © o> 


0 


0 


0. 


95. 


Ih 


0 








f f  ¢ o area o f band nN @ 
y Missouri NI 
N NM ALT! " YE ONT Inter Wiel River Great Mid United 
aiid Pp ¥ A| | A ' . ) MAN ld | F WAeOR N Ca mtn Plains Basin Lokes Jt] States 
{ ” 1() 1} ie 1! lu ae 16 Imp 
| | ) | 0 , 0 0. 0.0 0.0 0 0 0 0 5.4 
/ | ) ) "sh & 1.5 oo 0.0 i oO V7 0 0 0 6. 1 
! ) | 69.8 0? 0.6 0.0 0.0 0.0 0.9 9.6 
10) ) \) t } ( fy 4 0.6 ) g 0.0 0.0 0.0 4 8 
1] ) 9 | ) f hg | , ) i 0 0.0 i 0 0 0 0 QO 6 8 
1° | ) fj , ) 1 oO 0.0 0.0 0 0 o 0 & 8 
! 1) .4% f . oO 0 Q 0 0 0.0 0.0 | 
, , if , ) { ‘ 0 8 iQ o.0 0.0 6.2 
{ } { } ) ) 11 ' | ' 0.0 0.5 0 0.0 0.0 8 0 
1) 2 4 0.9 0) 0.0 0.0 & 2 
) , ) », 9 ) & f) i 0 0 7 8 
| , ¢ ’ ) 0.4% ). S$ 0.0 0.0 9 G 
19 , \ Q | ) tf 0.9 0.0 0.0 0,0 0.0 10. 4 
) ff 1G f vy f 0.0 0.0 0.0 0.0 - 
J as ) ) 1 } a | 0.0 () 0 0.0 0.0 ae, 
" ) ) } , gt A » 9g 0.0 ) oO 0.0 4 
HI 1.9 ) } ‘ 0.0 0.0 0.0 10.9 
NAY Q ’ 1.4 1.6 0) 0.0 0.0 0.0 0.0 6.8 
N ) ) 1 6 {) 4 f { ) 0 0.0 0 Q 0.0 5 5 
MAY 1 ‘ ) QO 6 § 4 } 0) 0.0 0.0 0.0 4 
AY 1 () () ) | ) 0 0.0 0.0 0.0 4.5 
N ! ) 0 € ' ) 0.0 0.0 0.0 ’.0 
in | ' ! 1.8 69.) ‘ ) 0.0 0.0 0.0 ) 8 
| ' ; ) 0) 65.4 | ) 0.9 0.0 0.0 6.9 
| { ; ) | ‘ f) Gq *% ’ , | () ) () } 0.0 0 0 } 0 
‘| { GG ) ) 0 ] ) ) ). 0 ).0 0.0 0.0 6. / 
N ! HY } ) f 0. { () 0.0 0.0 0.0 /.é 
N 12 ) of ) ) 6.! 5 0.0 0.0 0. ( 0.0 6.6 
Ni 19 ) ) ) f ) | f) 9g 0 9g 0 0 0 QO 1.6 
' t ¢ f) ) () ) ) 0 0 0 0.0 0.0 0.0 , 2 
H n.0 ) 0.0 ). 0 ).0 0) ( ) 0.0 mS ys 0.0 0.0 0.0 0.0 4.0 
| 6 ) }.0 )}.9 ) ) 9.0 ) ) &9.0 10.8 ). 0 0. 0.0 ».0 1 ‘ 
—_ , a | | ' Ry: 6.) 0 0.0 0.0 1.0 10.6 
j 2 ‘ 12 2 G4 ) ) 0 ) 9 ) 1! G4 1.0 0.8 0. | 0.0 y  § 
e ) {1 + 6 ( () ) () ) f f) ? | e> g 0.0 ) f) {) . 4 
{ | ) 2 6 ‘) 9.90 0.0 0. { ( 1.4 ) HH SF ! 0 9 rt 0 0 0 0 » 5 
1 | ‘ ) 16 8 ). 90 ). 0 » 8 f ). 0 GH .9 1 0.0 0.0 ). 0 ; 
54 8 ) ).{ 0 0 ) 0.0 0 40.3 . ). 0 0 0.0 y.e 
{ | 1 1 , G 0.0 ( 0.0 0 0.0 GQ es 0.0 ) 0 0.0 5.0 
14 ) ( } 4 )}. 9 ).¢ 9 9 () ) ) N 0 Gh & { f) f) A fn » 0 @ 
‘. ) 0.0 3 J 0.0 0. ( ) 0 ) 1 3% 0 f t 6 0 ) /) ) 9 4 8 
{1 {¢ 0 12.8 1.4 9 t 

















i i 'mo—- Hs “ITO On stNnwomomn TRON MON wos ONODwOC ee. athiattaad Oo 
! ] Qi - - . Mua 2 ee eee e . 
' ' Ei nor MOT" MON CONDO HK N-O- wom me Nr~sr OQrnmws No Cs 
' ' - | - —“—-— Cy m—- — — 
' ' ' 
: ' TDn ' e 
' ' cog ‘ooo ttettehetedad tlt -1 Tope eo< ~SElSlDGGGG TLS SSocano oO 
i PUlywy; - = : : . 
' 'z—- 8-1 08e80°0 2" © Sececacccccc ©SO0000Gccc cK 7 a) SO2D0Q00K06q Oo 
i i cw ' 
' ' aw ' 
' i ' 
i ' i- rcCcoo WELL P2ecoccacacaa PEL lleecoaaaca OO cs et ae ae Tt an) om) 
'or Daw : ° . “ © 8© «© . , ° 7 . 
i ' ~<X- + ooo "©" SPP CCOGccoc a PSOGGGoc CK =) 
tice = i 
i ' ' 
i -— 45 ~~ ww ' 
' ' e.g ‘ooo “Ff 2eS27GC GGG GGG GG nt 2 TAPE OSC ete 0 | 
' Di @w»,.ws,; . . ° ° ° ° ° ° © - -« ° ° ° ° . ° . ° ° ° : 7 . ° . . . 
i ' © @®@- + ao00 "FP "-lSSSCCBGGCGCGGocK Et oe ae SOSKGGGG Qo PCSERDGGOGG on) 
rece -O_3 i 
' a i 
' @i Itc ' 
' ‘'og-— ‘iooo PPP SONGG06 alias Seated i Qc MODOO c lQNoc wh 
' Ds w>wore ; ° ° ° ° . . . a ; . 7 
' 'O-— ge ,; <= Et as) PlOSCDCGCGCGGGG SoOoG et <n an ne => mOc COODDad0a Ve) 
' ' -a @ i 
’ > ' 
' i wo i ® 
i ' fc FrmMw COD CO or. roMmado,; —~OQMNRO i SS dl ot as DOMwvwo OPrMOr_C-C» Poo « 
i ' CO -—cw ° ° - - - - . ° ° ° ° ° ° ; ° , 
' i -~GW- + naw SE%S0-Nono-CR ee PFOPFMUMOOWM, rom CDOoOmamc oc O 
+. | =r- ' 2 ees ewe-onso © —~—'Mwor CS OST CU ww ©Oco.« J f~. ¢ © 2 
i i a ' -— — -—_— _ _ —--— -- —-—- 
‘or : i 
' ' Gc FNMA OS WOES SHR won MMOD OwWdC COMOX a@ > u O- COOCO .- - a) 
i ' ~~ v= | ° . 
' ' CE- § Awan PSSCOMmMscK CK, co — it on Or aH c > om c oDWN DOG ¢ ro) 
' t = woe a) o OPM Oy $ — w 
' ' ’ _ -_ 
' i ' 
' me % ioono PF 2SCCCCGGGGGG PPlSSCeTCDCD GGG oe CMO IDDGAGAGG oO 
'@i ~F ooo Ce EE GD OS As es ee ce "“F2OSGGGQGGGGG Oecoaoc MVDVOcC oO 
' ' Zz i 
Fees i 
! ' ax ' 
' @ oS ‘oco WALL L&l&eecccGccas oS oS OCsoocnc SOCOoc ~ OOoOnm i] 
’ ’ mS | ° . ° ° ° ° ° ° e ° ° ° 
' i < ‘ooo ESE recs en 5 CSODOO0OG COSOscoe [OSCR O-aGaoG i) 
' ' z i Cs 
' ’ ' 
? ' — iJ j 
' ' = => ‘ono WAPZPerececaocaacacaG PP lSeooccaaoag el a ae a oO 
' @ i oe r oo e ° e ° - ° ° . . ° . ° - . . ° ° ‘ ° 
' i ~ ¢ man Pf" 2" 2eccceccccac] aah — oe a EE om) 
' or ui Zz i 
i i ! 
ror wre ' 
' ‘iwrwez ‘oco MOO SSSeCCcoccaacca MWOELSlSSSoGCCcGace ocoococ oOoCco SoS 
' @y <zor. ; - 2 . 
' iw ‘oon P$Seccoccccocc SlSSSGCCGGGcCc eK SSODGGGGG — 
a zz i 
i iz i 
' @r Zz ' 
' ' <= ‘ooo WOES esesceccccccac MeEeeseescosccoca ml eleecon —) 
'_ | zw: >- © « - ° 
t i ‘oono Peleeecccccccoc] SeSococaocooc SSocCGco GK oO 
' @: Zz i 
' H iF 2] ' 
rr‘ & 3 ' 
! = ‘ooo PPP llScCccocGoaqgaqagg meseseccooas SOC CCOCGG tm] 
: Www : . ° . ° « ° . - . ° ° . . . ° ° ° ° ° ° ° ° ° ° ° ° ° 
i wx ‘ocoono P--2eecccconcocc SlSSeScCcCGGoo cc hh — So 
. ' ' yw? i ~ 
i i 
' i 
i a ‘-_-" woo Pf FeeScocccco geo Sooeocooo FTFon-o [OTS DOCG G S 
' ' wo <r 'vNaoo PPSlSSSCSCCGGco SS COCoGocoG, om o i =) 
' oOo wv i wv wr mm — eo 
' ' ! 
’ -_ | ' 
' ' <= ri—-~ SS Oe e2Perotzcceccaacgc VOLMSSHOSCHGLSG el — ee m 
' ' —s | - - - - - - - - - - - - ° ° - ° ° ° ° - . ° . 
i +! =. rFOOwo PPFPlleotcCcCcCGCo ace POMScoNnccacca ee a r 
“Ff = <= i-/-SeN wy - m~ Cv Cv wy Ol 
CT ' ' 
@ i ' = ' 
> i ' - Zz fF moo PPE llSoCCCGGGGaGGG MOE2le2eecoacaanag TSeMoococe oO 
c es ‘ —2ZCy i - - . - ° ° - . - . ° ° - ° . - 
_- i < —Emrrco PPP leSeccoccoccaoc Seccoococcco oT SOO - OSD [200 oO 
> | ' i-=— ™ 
cr ' zz ' 
of ' i 
oO I i oO ‘oon PPE PlPeDcCOCCCCGGGG —Meeeseocoacaca i hh — Fo ] 
’ ’ zae- ; . . . - - ° ° . ° ° - . - . - - - - ° ° . ° . ° e ° 
i ' a Foon PPlSececoGcGcoooc SSCOGGGa Conc [OCMC COC 4, oO 
- 1 i ' 
tv ' i i 
' ' 
tas > i~ won MO~DPO-UMsNnonroc Moe runs —~MOnm MMO wr —~ “FMwoee wn 
' wn See ON a NS See ene ewe SO RR Ree 
a Ss x t 
—_ >S@vugq@ixrrer o 3 333232232232223222- 323352227 uJ 
Ot ftic@eria«qace 'f#egy, ; 0 ; , 
7 eR M zi vr py ©29000000600004 MINING RIA —inir Ningay Re he oe na NO ee a 
- | = rFXQ DD PP V%PVO000GGGGGCS tIaaaqacqqg.' <i <i a ae = 





Imp 


NE 
United 
16 


g 
Atl States 


n 
15 


i 


band 
River Great Mid- 
13 14 


Missouri 
mtn Plains Basin Lakes 


12 


f 


° 


11 


Inter High 


area 
10 


9 


N E ONT 
8 


MA 
tia 


— 
/ 


N 


reference 
6 


5 


2 
SASK SW MAN W ONT W QUE WA-OR N Ca 


3 


Si 
NWT ALTA 


N ALTA 
2 


Continued. 
PAC N 
{ 


N 


| Es | 

= a - 
Harvest 
area 


and 
vieek 


Table 


ONUMowr KT MAINE OM 


.- e© @*© *© @© @ @ *© #  #  #  @ 


omonroowTronmwor- wh 


_- 


QoooncenMT0T0°nonoeonon°oneoo 


Qoo0o0nre0onTneTnooe°oo 


aS eee 


SOD OOO COC OOO 


QomwrTroocncec°coEer.og 


,rQoonoaooooonooo°ooe 


a hitler atin tctaatian tis 


*_ © © @© © @ © &© *© *& 8 & 


NOMmM-cOMmMnNoCoC le 


=o ome ese 


MN OINg OH RON WO 
woremoon nan 
or.r- eee 


o--coNnconnoma 


Doooo0n0o0°n”reoeon°neo°ooe 


._ © © © © © @© © 8 8 & & 


SoOoOCO OOO COC COCO 


Sees aeoeeeeeo~ 


_ * © @© *© &  * 


scocococeococce 


SEE 


soocoocooececoo 


ceo 


ssooooocoocecoe 


ee Se ee 


so-concocooeoeo 


oor coro Quv\OQ 


COMSCGSC0000 nam 


rm ” oiling rm CVC! — 


neo ~ hoe ie ng OO ae 0 
—-cCsrmcanm 7 OS 


Sense nen eae 
- ™~ “ar nom Oh sO ei 
C2 MmMmMmOIrgm = Fm Myr 


Ser. ese =< — Wy 


oonr- 0 = 00 <2 © 09. .? Din 
=— CUCU & 9) ST Cus ClL02 
==. eee. 


scocooocoCoOCCO 


Om OPO" FTIMIMwor- 7) 


-ef-erwrer ee ee 


E 
E 
. 
F 
-E 
c 
E 
‘ 
F 
E 


. «© «© 8© # #  @ 


'_ © *© © © 8  * 


*_ &8= &© © 8 8  & 


_— dla 


a= mets 


— = © 8 8 8 


. 8s &© © *© *&  & 


ais taint anes 


—-sacs 


—e 


coansoeo 


= ees = 


minm oom 


ea ee 
cormoKs 

- 4 
— eee 
es oer 
Cscs Cam CICS 


nen eo 


a 


owe ITOaR 
- ae eae 


Sa 


ooooooO 


IMO OAO — 


_- - r r ro 


Sa ON & 


._ © © 8 8 


TFNUNOT MOY 


ooooououllm 


— “ 


mare suger 


Sena ie 
in ie ee oe Cae 
mwrmomcjgoinm 


== See 


amann-e 


._ es © &§ @ 4 


*_ 8©* © & ©  @ 


-_ *= © 8 8 


— oT m™ ™m~ WN OO 
NOAA TOMO 
Qmoynr- oc 


Qocycon- oo 


i) alae ks t~ 
oO wt viiAtiaes 
Cs _ rm 


Com ee ek oe ae ee oe) 
aN) 


-- -3, er 
«- a «- « 


ro, 
a. «2. & 


rm Sea 7 ar 


ii er aba ae on oe 
OCS 


© 


=So-S* esee 


caccecocoocoeccoe 


e 


ecoooceccocaecce 


soso. 


eeeoccocoocsceacce 


ee rm Cosr = 

Cor wUwenscaom-CLe 
a} _ 

SBAMBAN: +o a> 

2 0 anin= rOMOMMS 
=~ OUC2 

ae ee eoewee => 


concoooccoaeooconeo 


Soooeoooeoeoeo® 


soececesceeecee 


incr ae asta tan ce arta eaten 


._ © © 8 8 


coacococececceco 
e 


sacseacaneanauc-eesea 


stata tn talaasls tian net nee eases ina 
aosoectuisecoeaococ 
-_ 


ores ee So 


Coce+-Gunncecoue 


Cees as SS 


CS os ese eo ao we Otl~oocaa 
Cc Cu ~- 


Omrm—- OwMmmere srr owe 
Q Ee ec var CIMIDNAe— ETH OO Oe 
NHK moc ao-n —- ©& 


-_ 


Soe fs eee oroQoooo 


e. 
SONG TOMooNe OQ eo 
~~ oe TF ° 
eee eee oOo © 
ose ue ee 
CVID 7 TF 6 -woc 
COO OCMC OOOO OOUO OOO 
OOoOOOeOWODCOOCOOCOOCOOTDO 
~-iMmormmororn-s ANF wo 











Creat 


- ~ 
ce 


reference 


. 
‘ 
r« 


SW 
PaaT ALTA 


N ALTA 


4 


Continued. 


1 


N 


PAC 


area 


Harvest 
end 


Ow sr OW © 
rey ajoc -_ Oe rowore CU - 
. _— 
or OOOO fr Oona 


YOO OO OOOa 


coer aooeecoe 


IMPOODCCOOO 


MW) OIL) CU Oo OWN Oro 
i" ¢ Cyc er OOO oOoomea ae 
¢ cH ¢ OTrwoey 
C ve oy CY 

\ recut CJ i ° 
a t” C uf 
r rey i ru) POD ow 
€ ae € CJ)CQ € < , 
€ « c € € »€ uy 
a> cs a] IC x, « 
« oO oc € c t oc € 
OOo OmMmMnonoaneraon 
OQOVYDE OS OOQVOHOO 


ror re as = ruyvoe 


—“-“Soeoe6ceGeEG 


ea ie mrioooe 
- ow O=-yeocooa 
Lad --— Cle 

FOMOaO hr ee 


NaAsSN= mM. 2aONNOS 


™ ©. Teae- eR nnn 
OF IN “esnno= 
- - 7" 23 


sa dial a mT 6 


© PUNO rm waomnnm 
me OI NOLO I 
o WHOCVMBDOSCCOS 


eNnoOEM:Y —wNeoe 


ane ee SNe 


ONese-noenaoe 


rr Fr (= wy 


eoooeoeooceceo 


Seoececoecoces 


WOrm OM Or CUM NH 


— ew ee eee 


WW Wd Wd UW Wd WW Wd WW 
i | 
AMANAANRAARAAHaA 
MWMMWMMMNMOWMuWW 


None ys AS AN 

™ OW. er SAKONKOOS 
- -_- 

asa oceooaooooceoe 


© Seecooooocooasc 


OOooonan soooaeoeooo 


So00coGCoe6eSeoooecec 


MOQSOCeeeseaneoreoo 


Tr Oc ‘Sesooouececeosc 
OUVOIOem , Vee eS ha <9 
= <¢ YoeoNeEooo. Noose 
MOOr ONIMwad— Mm \ NO SF sO 
Fle = Mee M TOO O0NM 
Cucge w)e . 
mn oer wpe Sri rym oO 
SFO OO UVF POM we I= MINN 
J wor > + . im) - Curmmcigcuer 
XN OOOOoOOoOaO 


Om ym mi oO a 
ecocoocosccecc oOo © 
Orwpoeoo! FOF NDONWMO 
SP-aQmeocccccoraccac 
¢ peoooeoeoooceoeeoo 


Seecoeoceococcoccce 


22-2OMOO COC OOO M OOO 0D 


CPOCOOCODMOMVADOOOO 


see evroecooooooeocoe 


SCecoe-cooccocecococc 


Sa 2qeecoewseooenor 


Sraocccosvcccor or. 


On e- Kp 8 SS Ee ag P 
Qr. Om Ont & mm CONS 
i a a on oF 
oa ee NOS = 


Onnw os oO SAK Toor. on 
Oe re MOOV OS ToT iam Fm sr 


= SO 20 ON oe 
S2O00-wnO-m. TW Ons 


sSeeeonooooooceco 


POO20P9000CG000 





oe een Sar = WNAX OD 

—-MMANN OM KON NwN 
"oe, 

see ecococeoaoooceoce 


SE2DDDOCCCOOCOCocGcG 


soe eeceoeocoocoeo 


SCOMEDDGDGCGSGGCEGGG 


<emea2eeqgeceooce 


QooeoIMOTooc eh oe Th ae El ae Et ae an) 


TOW, FOOOSSOKROO-AO 


mie NOOMEssemmuc 


we SMM OToOoonoo 


ror ToO- -WNONCOH-K 
OTNK OAK eK Kye 


- 


PORK NT ONO TK. QO Tro 


NONMN—N-OMmo--oe-c 


seoeeeoecesceooscoe 


PODORFCHOOOGGCGGOoG 


cee eeecceooooso 


OMOMDODCCOSCSCSCGG 


seseeoer-eoeoocecso 


SCODDDCOOGGOCoCoG 


sosceeeocooeoocooo 


SOLOCCCOCCOGCCOCoCSCS 


POO ENOTOLBSSCSCCO 


DPOMOCOONSSOS-coc 


WOMOMMM= Tr NOMNe 
DHONosrNnNNnoocwoovs 

-—-<_— = -— OV 
Ma Ne@emanver mn ya 
eOenNnen-avc om om 
-~ HK NK NK MOM RK KOM 
SONAMBDOOEN=- Orr 


S640 0Hes see 
MANNY OL OOO rT OMS 


SAOAMNFARANMOS WO 

OXODO—K —“KNMNoOO 
m= Lal) m=—<— Ov NO ON 

ee a ce ae ese ae coe eB oe ce oe) 


COCOODODOTVMBOOOC OO 


le ee oe 


S232 22 VBISBZVIIZSZUZRN 
OANMAMMAMOUNMOODMM 
WJ UW Ud ud ud Wd Wd Wd Ws as Ls gs 
pa aay ay a a aay ay ay aa? a ai aa a 








116 





~ 
-c 


ty] 


Ta 


band 


° 


2ree2 


erence 


Harvest 


‘er Great Mid- United 


4 


Ri 


Inter Hich 


ONT 


MAN E 


N 


erea 


Zasin Lakes 


Plains 


n 


t 
1 


m 


QUE WA-CR N Ca 


“ 


T ALTA 


%! 


CN 


“f 


Imp 


leering nn nn nnn i teat eel 


am 


—™ 


10 


Sd 


ao 


oOo 


© 


9 


©. 


Ww) 


oO 


® » 


ey 


epr 
. wr o 
oo © 
ooo 
roo 
Qo © 
~™ OQ 
oor 
uy 0 
oaovwve 
“) © 
tm (Va 
cr w 
_— 
Qo oOo 
QQ o 
Qo @o 
ao aQ © 
QoQ oo 
oo © 
Qo eo © 
oa o 
ooo 
eo oo 
re PS, 
CU rer 
rm 
Qo © 
wrest 
or" 
mre © 
rr LS 
owe 
ov.gses 
- 
Ora 
oO or 
= 
ooo 
oO oo 
mem oom 
tw Ld ka 
mamma 
Lid bad ba! 
aa 


orem 
m Ir. 
ee 
ooo 
Qo © 
Qoo 
ao oa 
“wow OY 
oo © 
m™ ory 
rr nr 
om @w 
th Me 
- oO © 
ooo 
ooo 
oon 
ooo 
oa oo 
MNCs 
Qo ao 
We. 
onr - 

- = 
LV 
rwe 
mre 
wwe 
ba ” 
ower 
rol 
(urge 
Onn 
ov. 

~~ 
row 
- OO 
Nr ey 
ooo 
Q oon 
as ell we) 
rE 
Lid UW it 
mam 
bad atu Ghd 
a 


© 


vy 


Le 


Ls 


eu 


* DO 
= 0 
- 
c 
oo 
Ce 
“W) © 
ao ~- 
me 
oO v 
- 
” ~~ 
~~ 
a o 
QoQ - 
oO © 
a ao 
Qo oo 
ao oo 
oa @2 
oo 
or 
~~ 
- 
ow 
ot e 
Clu 
mn of 
cal 
rv 
~~? 
wmoecy 
to oo 
wey 
- = 
mo 
so 
mom 
ono 
a @e 
wruw 
oe oo 
(Ulu 
me 
bid bhu 
’ 
+. &e 


ey 


Cu 


> 


= 


a 


m= 


© 


* 
” 


oO 


a] 


<-> 


0 


oO 


o- 


La) 


<-> 


oO 


Cy 


L 


Qo 


© 


wr 


@ 


[= ] 


[a ] 


© 


o 


© 


Ns 


© 


.6 


a) 


Q 


a 


(J » 


o 


© 


wT 


»AY 


” 


<> 


Q 


a) 


2 


QQ 


a&> 


<c 
— 


7m 


- 


*) 


oo 


a ) 


te] 


©. 


rom 


< 


<> 


Las) 


L = ] 


- 


wr 


a 


a> 


a 


© 


o vive 
WwTrre 
oo”™m 
ooo 
oocec 
Oo © to 
Qa oo o©O 
ae <> 
-™ F & 
Q or 
-- PF 
rer 
~~) ' a) 
uy » &> 
Ooo « 
oo © 
oo © 
Qo ao 
anon 
oa © 
Oo oa 
0 oOo 
tloQ @o 
rue 
QoQ oo 
a wus 
OQ rr Oy 
owes 
aoc 
ae _ 
ro. 
or w;D 
- - 
Owns 
Cyuro 
- 
ooo 
a a ) 
Clem oF 
Ee 
wenvem ee 
' | 
Oo 
Wu C¢ 


-™ 


- 


<> 


©. 


© 


La) 


<> 


lon ee 
U\ wT 
ao © 
oOo @e 
2 & 
i | 
on 
oOo > 
wer 
oe «€ 
7 eo 
or 
wi WY 
oe 
- =) 
oO ac 
oO © 
Qa © 
ao = 
Qo - 
Oo wo 
oe © 
Cio 
ww 
OQ © 
mic, 
© 
wu 
we 
* - 
ee) 
TF © 
a ad 
cao 
a 

eo 
oO © 
QoQ © 
wor 
oe = 
tid ku 
! | 
oOo 
Ww YY 


eo © 


a o 


© 


e) 


ee 


oo 


- 


© 


La] 


~~ 


a) 


a) 


© 


Qa 


oO 


a> 


a 


ow ] 


La ) 


a] 


© 


co 


a) 


cas 


- =) 


,  ] 


t 


ae | 


Cy 


‘> 


oe 


© 


© VJ 


=) 


€ oN 
Orme 
- 
oc .;« 
oc a) 
oc 
eo « c 
c € ‘ 
r c 
mac 
oaoc 
oo vr 
om oo 
o= 
Oaoc 
Qa oa 
oon 
Qa oo 
ooo 
©o ©. 
e 
oO oc 
_Oo O00 
OO CoC 
OOo Ce 
oo >» 
Q wo 
oer Cc 
Cr - 
Ww) 
-olm 
€ -“) 
on vw 
Ion © 
aoure 
Cv 
Qor 
oOo 2 
vw 
»oOonoamn 
Ooo oe 
rT UY 
- - 
or Soe, 4 
! ‘ t 
t en ea) 


CJ - 
- uu . oy 
ono om 
Oc oO ~o 

‘ a) 

c > 

c »€ 
c < c 
ad fi, oo > 

’ ‘ c 
wv - 

° rca 
Ln a> an =) 
wore; 
oOo © Cc, E> 
oo oc 
Qa - a> o> 
ooo ” 
oa ona 
mooc 
oa oa 
Qo woo 
ooQooo 
¢ ooo 
ooo oo 
oon ~w 
coo?) © > 
coQooo 
Q roo 
UNO EO 
cv © 
- 
Oa aoa 
Ooo ard 
oQrjyon 
Oocraao 
wy 
oQooa 
oman 
worm om 
o-oo & - 
Bans 
t ! i | 
oO” rmNW 


c> 


<> 


a) 


a] 


© 


.0 


<> 


© 


a 


~~ 


lt 











oe 


Continued. 


——-—-— = 


band | 


€ 


-——_———— — — ewe we we we er Or Or er er er er er Se Kr FF HK eK Kr eK er Kr ee Kr Kr er ee ee Her Kr er er Or rr rer Kr rr er er Kr ee er er er Kr Kr HK er Kr Fr Kr er er rr Fr SF SK SK eK Kr Fr er Kr Kr Kr KF Fr KF KF SK SK SK SF SK SK SK SK SK SF SK KS SF SK SH SK SS eK 


reference 


Missourt 


N SASK 


rFarvest 


1c” 


Great 


River 
mtn Plains Basin Lakes 


Inter Hiaoh 


ive) 
vw) 


srea 


-OR N Ca 


bas 


a) 


19 


--—-—--— 3-3 — — @— we we er wr ew wm ew er er wr er er er Kr er er er ee er er er Kr er Kr Hr ee er er wr er err rr rr Kr wr Ow er er er er er rer Kr Kr Kr Kr Kr Kr er er er Kr Kr Kr Kr Om KK HK HK Kr Fr er Kr KF Kr Kr Fr Fr Fr KF Fr KF Fr KF KF FP KF KF SK SK SK SK HK KF SF SF SK SK KE SF SK eS eS Se 


Le 


GQ 
& 


- 


- 


- 


er 


™~ 


™~ 


- 


“o> 


o 


0 


© 


6 


© 


“a 


2 


“- 


~ 


oo 


o 


o 


tv 


<-> 


> 


Qo 


Q 


3 


i) 


Oo 


~) 


© 


© 


< 


~ 


~~ 
ev 


“<-> 


te] 


“> 


es 


<2 


“> 


tv 


= 


o 


~ 


a | 


rer we 
~wN © 
° al . 
oa &> 
oon 
o ao a 
Qo ow 
~ww © 
oOo @o 
wwwew 
wow 
- ow 
ov 
rior 
oan 
ona 
oOo oo 
” og 
ocr & 
meer 
oa ao 
- fy 
eorm 
m or 
mer 
0 oO © 
om 
a a 

Hoo 
oO 7 0 
eure 
~~ FF -F 
ws © 
* oe 
r we 
2 oo 
. - ¢€J 
oo 
oa ao 
- fy Pm 
» 7 * 
Mili ud 
‘ | ' 
mow 
~~ = *» 


“\ 


™~ 


a 


Fa) 


> 


~) 


<> 


Le) 


=> 


oa 


7" 


o 


a2 


es 


4 


» 


“> 


be] 


oo 


a 
et, 


tv 


a 


te) 


- 


95 


Sf 


L 


0 


0 


QoQ 


© 


Qo 


“oo 


~? 


- 
 - 


- 


i) 


tv 


Q 


o 


- 


© 


<> 


a] 


<> 


© 


2 


Lo 


© 


a 


“<> 


»>o 


© 


“2 


© 


Le 


a] 


qa 


oc 


© 


c 


”~ 


© 


©Q 


La) 


©o 


“= 


=> 


Le ) 


—) 


c 


© 


©o 


= 


<> 


c> 


“> 


<- 


© 


|] 


Qa 


a 


y 


ooo aco 


OQ vec 


OQ 


oO 


a 


v J 
‘ 
‘ 
‘ 
> - 
< > 
- 
oc 
c > 
c € 
cy < 
oOo © 
4 
Oo ~- 
ao <« 
oQ c 
Oo © 
oe ac 
2a © 
fi 
ij “) 
- 
ao © 
cc 
>) 
© r 
oc 
c. 
oc 
¢ 
’ ° 


a) 


a 








sev¢cae evry 
, ° ae wy 
° > . 
‘ *“rerverervre? 
> *y @€r €€> 
‘ vere ‘ «*% 
‘ eve ere 
‘ § . 
, : . 
‘) © 
; . 
? 
‘ ‘ <% 
‘ > 
‘ ‘ ‘ , '? 
yxy cre ‘ tJ 
near ‘ v 
“ 4 
j “Fe ‘ 
“ < 
4 - . / > 
,@ , ‘ . 
° ra 
; yr i ’ , J 
‘ Ww) € . ’ 
. r% id / 
-_ = 
a, oOo: 
HH é remOu 
’ r 
‘ ‘ € ‘ 
‘ 
, J > 
. . * . 
. . . . 


. 


a | 


~~? 


cr 


* 


2 


La 


> <<. 


, 


- 


<> 


= 


*) 


<-> 


- 


- 


™2 


—- 


ww) 


~~) 


© 


- 


~ €) 


<= 


wy) 


ra) 


ty 


>= 


«> 


5 


=) 


al | 


<> 


= 


ww 


“<> 


= 


<> 


a 


“> 


Ls) 


-"” 


wv 


©> 


co 


<> 


<* 


<-> 


a 


-~_ 


~~? 


<- 


=) 


vw 


a 


- 


<_ 


<-> 











rs 








ry 


VU 











<_ 


R 


0 


ty 


11 


~ 


© 


G 


— 


| 











Cort rNued 


Harvest 


ONT 


f 


N MAN 


afe@a 


Ba: 


Plains 


mtr 


Ca 
10 


N 


“OR 


6 


~ 

i. Ome 7 ¢ 
S\N per 

mm) uf - Cc wT 

—-----+-- 


Tr tr <tr 
ve Os OS CS 

o ~ oO A 

~ o ~ = -~ 

~ or — = 


- —_— — — 


Dooocdc 
wre or 
cCcoOoc-=- 


“or 
wiecssTorc 
-_ ~ r c 
ww te - 
ANS - 
~ u ~ 
-_ - ~ 
Ou 
mn : r 
u .w _ 
c - --_—- = 
—_- wer fy 
‘ u 


w 

rah ee 
-Annr~s 
hie 
~- 

A~ COs 


- — —— 
Co oc 
Doone co 
~~ & ~ a 
— = =— = £ 
_ ie a. * Se © ae * 
2 : 
= < < 


0. 


9 


t 


ENN 


Y 
| 


.&9 


4 


. 0 


G 


Oo 


os 

Cc »~ 

mc 

CO © 
> 

=“ “ 

_ - 
u 

> a . 

JT 

—_ 

a 

~~ ~~ 

— 

Cc _ 
— 
CS 

co © 

oc 

Ne 
_ 

? © 

“ ~ 
+ 

~ o> 

DC 

— wT 

‘aia 

= 

~ + 

= - 

- a. 

- cr 
‘'~ 

= > 

Co Cc 

—- &- 

—- it am 

— 

<—_ © 
- 

_ 

_ 

-- 

« « 


6 


> & 


-_ 
Co © 
- 
= C 
on 
> 
a 
oO 
c 
+ 
, + 
-- 
7 
- 
> 
— 


MIwWOoWnt 


— o (om) 
. 
o-.< -— 
ao « oi < 
= 
© 
+ 
> 
+ - 
a 
- 
~- 
~ > 
a 
-- - + 
< 
= 
c ~- > 
S 
>a Co 
C 
—_ 
~ £ 
- 
> - 
Cc 
c 
. « 
« e 











ane 


o 


0 


a 


lu 


y 
imp 


—-——— ee ee eee ee ee ee ee me ee ow oe oe 


ian! 


a) 


wy 


Ov 


Oo 


“wo 
wom 
- - 
—- SN 
Oo © 
oouy 
ao co 
o-oo wo 
= ¢ 
CJ 
- Oo 
Ty 
- ( i] 
oo 
« a 
oOo 
“ao &}> 
i on ) 
, OE 
Cc € 
NW) 
Iw 
w Cy 
 & 
mw 
Oa 
orn 
con CJ 
~ + 
— 
- 
re 
C3 
o 
c xD 
C 
a © 
Qa oy 
c 
oo 
TQ 3 
« « 


- =2- 
ao rm 
o- 
[7 
oO OU 
Oo ao 
Clo 
coe 
CU 
m we 
DOD ( 
~~ 
<> ae ) 
> a> 
i om) 
coc 
am 
aoa 
a ie ¢ 
> « 
ao oD) 
r - 
- = 
~ ) 
aon 
oOo 
T 2 
Go) © 
- 
—- Cy 
C5 OO 
-_ 
 ¢ 
MN © 
-- 
€ 
c C 
Om 
Oa 
o-) 
C C 
—~ = 
com 
<I <T 


& 


<> 


rm oo 
ao 
- wy) 
une! 
ne 
wow 
Qo 
Ooo 
oy cD 
Com i am] 
Oc 
oc 
oa 
Ca © 
oO 
Oc 
Oc 
So co 
a) 
a & 
WY & 
c ~ 
™~ 
mo 
ao ac» 
@c 
a & 
Oo ao 
QO 
Oa © 
a a> 
Qa @& 
oo oO 
Oa @O 
© c 
Oc 
7 & 
OQ 
mr 


OQroanvunngne 
woe os 
oooonmnm oe 
QDQOoonrono 
Oona fom] 
-— ee - 
OOOO OoOO 
OOoOOoOora 
Oonrondaea 
OOOO aoa 
IOaIMDrOOQN 
Oooaooq® 
OnrInDmDonra 
ODO DOOM 
MAIO ONDNGD 
OOOODOoa 
MOIODADAOMD 
Ooo oc MO C 
oo GD OO Oc c 
aor oc co co 
DMD]EI*TtO 
Qonrn oome 
Oo 

aoooo7am ea 
ome Tl ap i aan AE GP an TE a) 
Ooo TDOan 
oo OCO OOO 
DaOoooer0oc 
omo0°nno°eoeao 
go OO CO C&C 
Oooaon rn co 
QaooorDo © 
Cc oonNnqca © 
TBWOUMVVDVOOMC 
Ooondnonc 
Cc i oe Et an Et am i am) 
Qaonraon< fom) 
ad CR = CIM + 

- -—- - 
ale ey Sie a 


Lo] 


—) 


0 


i) 


om) 


oe) 


VO wow A 
nm 
MOM wWMoO 
MMAFMworm Ce 
wormwsrwor oe 
- 
HOW OCWOO 
CLE ONVOW 
oo Ffronono 
ONoonorewoom 
G- oo 
Orronrc 
ODWOIOON 
OOOoOOoN 
Oo oc Oo oc 
OaoOroaonmnoa 
COO © 2» OO © 
DOOD DADAOOOD 
Oooorooc 
=) OmOaQac 
Ononrnaa © 
OTrmmragnd 
M OIMrm oa 
mM| worse 
on an it en oe om it an) 
DNOoOoOr oO @& 
ODDO OQ Oo 
Ooaonraoo 
DODoooao 
oO D OO © 
Qooonoom 
Oono @® ~m 
(on et an an anil an) 
ODmrmrnonoooa 
lon i an Et en ae i ap i an) 
»O moc OO & 
ove oaoa @ 
MO c ~Oo a ao 
rm COOo-nr 
—- = « 
— &— &— -— 


©& 


Oo 


Lae ] 


0 


Co | 


© 


wo COUT 
Ww 
my wy 
0 © 0 
aan > a) 
morse 
- 

QoQ oo 
oOo om 
co = an) 
m~ QQ 
~ 

Oona 
OoOaoao 
OOO 
OOo 
Ooo 
ie on i a) 
Qoana 
aQOoOoO 
o> ani an) 
co ¢€ o> 
Toc 
7 ¢) Ye) 
- vey 
(ot «> a) 
Co a oma om) 
o> om an) 
aQNOooQ 
OOo @m 
(oon ae) 
(oon an) 
oo ¢ 
Con on o> 
Doo 
ooo 
Oooe 
(am i a) 
Onmaea 
wor. a 
— ee 
- -» -- 
- a ~ 


. 0 


0 


— 


a) 


—, 


OOMOMm Mwy 


.0 


0 


t > | 


Lo] 


La) 


Lo) 


oaOVowWmws eT 


) Oa 
OMT 
wow 
mor 
—“- OcdJ 
©-2 co ©- 
Ooo ca 
oor 
Ooaom 
oan It a) 
a i ee | 
ONO @O 
Qn Oo 
2 OO 
oom 
Oo Oo © 
OD oO 
rm OV 

CUO PY 
MM 2 
> ae ane ae ane) 
OQ oo 
OO © 
oo © 
oom 
Oa Oo 
Oooo 
OOo @o 
QO Oo 
om EE om EE exp) 
fom Tt ame Ia ane) 
oOo Qo 
DOO 
Cc oS & 
™ oC 
NIA WN 
cD ¢ 

s-. « 
< < <. 


Oo 


worse wo 
~ A&W 
WIN WW ws 
OwWO oO 
OQ Fr Oo 
-_- 
Qo or oe 
OOO ©: 
OOo a 
Oooo 
Oomomoa 
oDNooo 
Oooem 
Ooonrao 
Oonma 
OQ Oooo 
OOOO 
QoOooqao 
Toor. 
CJ WO Tt 0O 
ws CuUSTrW 
Qo DO © 
Omm a 
o> TE an i am iE a) 
Oooo ao 
Lom TE a i one TE ans) 
OQ oO © 
DOoOoo 
QC O Oo 
Oona eo 
ooo Oe 
Qnoanoaa 
OO © © 
(ae Tt ee I om I am | 
aOaOmMDoo 
-_ Cur Sai 
WMO awe 
WON WY 











¢ P ° © ’ - " vf + 4 . © e > Om Cy S , ju tT oa ‘ ’ oy ? i? > © wv 
—" . . , - . . Cy -_ = (yr Cu? 
! | 
i j @) ) | 
j ' , ‘ i « . cr oy o 4 r ¢ f * c <« c r, - « < Cm ¢ c c 0 < rT o J a wd Oo wow ¥ -_ wn 
' ‘id ‘ £ 
i F . ‘ r - ’ , z , rs  < « Cl «¢ r ~ Cc r 5 ¥ > Lf ~~ wf -_ oa 
. " ‘ Cg ° ° ° u ° wc ° < < ° ~- ¢ e a » S S aa 
\ ' i ° ° -- ° - - -—e 
| | ' 
| ' ‘ < > r < r ” « ¥ c > c < c > »¢ < CY n Ss ym ome ‘ > sw ro 2am oa =) OW 
' ) ~0 
' ° ‘ ° ,c < _@ Ys ci »€  « < r mr — <¢ ° Dm e , c Cj. 
¢ > j CU oC . Cu fe rvs er JCy°? ° . . - 
' 
' ' a” 4 ' 
| | ’ , ‘ Oo P ‘ < - < - ¢ ‘ cD ¢ < — < - , F co ao lm a me ~ He ~~ ~e L\ & 
| Gy , 
‘ L ° ri < c « ‘ < < > < a> ¢ < r « r < r o> « Cy tT ~ rT oo @ d wy) « afl 0 © 
i ¢ ( j - Cv ” a) Cv 
| ' “ ! 
! ‘ > £ 
' ¢ ‘ € é < < « ¥ ~ «> « < i < oO « ~coe < < < » Cc a) ( 0 OD o ? < < oO ~w 
| 4, 1 ? 
| j \ ° « ” ¢ « cy ee Lf « 4 >a» ce) c qoaormm « < c < c € c Cj - ’ < * 
' te ¢ | a 7 ry 
' ' g i 
| ' \ 
i ¢ ( qn. < c c < ,C c tm) ©C> »>cG> Oo OOoom < c . c eo @a roc < c ¢c > Cc ¢ Oo ac Cc oO © 
' ' ‘ 
v ? | @¢ ay ¢ c Qa Oe < i t Om ac Om oo <« i ©Oc < i « a) < oc Cc o> 
| | r ‘ | 
' | io | 
| WwW | > | 
| GS ¢ | ¢« oa n a ‘ n ) > ¢ c C a < ¢ r Ooeao > r a « CO & « ( ‘ ( Oc 
| . 4' = | 
| j ~ | ¢ Oona: Cc” ri Cc) Cc < aD « ri « Ooooc < a> « c Oo ©Oam <¢ »O OOO © c < 
| | | ie ! 
! | 
' ' 
1 mt v i « oD « i > « « ‘ r Cm « ‘ ro) oo MDPmOoOoomo.< i ow) 2k om, >a oO< r > < OOO Oo © 
' | Q « ' ° 
' oa | - < < Oo oo mo oc ts < ¢ ci > « cs r o> ¢ © Were CO < om) Oooo <c < c C > Oc [a 2a om) 
! ' <. ' 
' ; | 
| ' OQ \ 
| ‘yr | < Oo mc « Om ¢ CD « i < [a ) © c < oOo oa < o> < ¢ « c r Q re o> 7oc r F c YOODoOOoan OC 
| | oa | ° 
| | «? t «4 « a ¢€ a> oom c ©) ¢ »CoO OE aD c © Ooo cm  c OY Ooo ¢c OoQOoonmoonooc oO © > @& ¢ oOo ~- 
' | 4 ' 
| | | 
| b \ | 
| | ra ' or ™ O@ uw) Oy err ¢ oe - Od —- Oooomc OOO Wf Oc TOMmonrr TKeorsrwNney —~ 
Cc r¢ 
' !' ©orergsse c c ' —"- Nwmomwor C™ & & < c i < « Oo ao oo aD’ < = C c ~m ye C C -—- vw 
j ws”? j mm) ¢ ' e r OC yu r wi © C wr ume af ‘ ° i w f sf u Cur 
' | 
' a 
4 cy « « c a> c « « ¢ C4 o> ao ac oc ¢ < Cc Yoo nm "re © e ¢ ” « c Co © ) aor &- 
' C ‘ - t é ° 
| i ' © a¢ co &) co « c ¢ c Cc) « Cc cD C¢ > Cc Oa Oc ¢ Ooc c c com ¢ D <« te Oo Voll a) 
, ” 2 CJ wt We rv 
i i> 
| n Pa 
| “ cS ¢ ‘ c Co mec ey € h _cD Cc [ ow amp) »€ ~Qo qo © 0 C2 oa © *) Pf TFT Cc Oo e ™ 7 c ~*~ © a wo 
i > wi . ‘ 
| Cc « < « ¢ Cc) cs co @~ & < ¢ 7 < c ™ c < cD c aomann ¢ > < C wc ad ] Or 
! 4 
j . 
\ ‘ *. « « « « < cy ¢ rt re ri < [ c ¢ C @ Cc ¢ a coo & €¢ OQ ce ¢ C ¢ i¢ .< « > ¢ c —) aS & 
ee | L 
\ ' ¢ r ( co €3 Ca) ti ‘ ¢ ( i me) Om< aononrmononcooo a ee < TOOTO MO ¢ c Oo © 
' ! 
| \ 7 rom) (> &> « C>2 o> wD ED « ‘ nr a) MAOrMMOD SE IMO OQOO DMoiooe a ome a) Mm oc on a) 
a | ° - ° ° . 
" 4 a) é ri Cc « Oc € « Cc € i ~&- — > Cc Lom) OaodseTmao => « Cc my C c Oo Oo¢ Oc 
rn ' m) 
© ts i ‘ « CoO ¢ ¢ oc CoM ¢c Cc Co ><> MmOMmMooaoa ® < Om eee C c Mm &< S&S Co Cc 
ad > 4 ’ ‘ ° 
4 < > 4 c 4 cs aq) « « < OO Oo c oO Oonoc c OmODrmM OM < mS TM Ec we | r Oo omc an | oOo am 
« « 
‘ 
“| ' 
/ | ! <= > 
> r , < CS cs < c r C « c Mm 23D OQ Oo Oc < WOIWDWODOOO Oo oc ommoec Co oocec Lame Cc & 
“t « « c Cc @c c COO OOOO OC oc A OoOornroaoonnaoo Ooomomec Oc c < OO QO © CM © 
+ | 
¢ \ = ' 
! 
) ' C ao o> cD « oO c¢ om rn mc Oc Lo Ormooc Cc ao moc | <> 7 a Q oo oc © > < Ooondo QS © 
! - «1 - . . . . 
' Cw co @® « c a c DOM OO M¢ > & c > « Cc Com oc Da &2 oO -¢ C21 MO © ¢c C C c OOo Oo mS & 
} ' 
( | 
| 
bn ‘ PN ORCOCL Bm ODOFINOR MOe DOOM StNonmMac WOM ORD—CUMiNOSR w R 
' \ iewjT«# ef «+ CU . . ° . - _- oO FF SF &— © eo = ¢Y ° CU =e ~ ~_ + o - © 
CG oi ge x 
4 ™~ G ' ry Yn c* 
b L ) ( bat bd bt a bd he ba dp BR ~ >- »- - + > >} > > ~~ SS > 
Vv MU «I « « « +- > , , b— > -— > —- <I <I 
— x 2.3. 2 ce © © ¢ ) OOOO YO Of Oo Of OF A Of Oe Oe OY OY Oo ow a2aaezeZFtezzzz aa a4 a. a 





Imp 


NE 
United 
16 


Atl States 


Mid- 
15 


River Great 
14 


Basin Lakes 


Inter High 
mtn Plains 


are. 
4 
10 


9 


E ONT 
g 


N 
ONT W QUE WA-OR NC 


* 


oe 
- 


7 
j 


reference 
N 


Continued. 


Py | 
Cec. 


week 


Table 
Harvest 


SNK ORT Oe 


ST ONONsm 


“rT ennnroenr 


wo _uNYS Se] 


moor Or a 
- wine Seonen 
ft aden a Nr we 
veum~u oe 
—- = Ssane-on 


- tye - = 


ov Senwrmwh 


' As ONnNNR wT 


QQ oocooooo 


ooo oce oo 


eo oO OO OO 


SCoooDcCCoOeD 


eRe Se 


eocococoso 


eo ool Ol OO lO 


eo CO OOOO fe 


sath dali haart! 


j eremnoooce 


=——— = = = 


SDDODOCOCS 


Cooonoor. “ 
Seooocoo-~u 

- ~~ 
Oo oo0o0o°ncoo°c 


eoocoococeo 


=e ee 


coocoococce]e 


a oS 


eocoococe 


~~ © ee oe 


SMMNOSONN EO 

YT Ts SAMO 
a A 

eoaooenroo 


eocoosnceo 


eS ee = 
Qoeowrer. o- ae 
= ™~ 
Se" Beane & 
COMM OMAN 


© “TFN ww 


- 


Sesenreeoeo 


~WOrmWoe 
ow ™N 
~ 


ooo OO O00 Of 


SOOO CCCOO 


2o ose oeoo°2 


SoC OCOC Coo 


= ee eee Se 


QeooonoolOolcl.lUKUll fm 


ee ee ee es 


eoooecoeceo 


7 ee 
COOMNCOON 
wur ey Nw 


2 
e 


eo ooroooc oo 


eoeoocoonce 


oe Se 


eooococooce 


= ae 


ecoocoocaoococne 


ee oe 


cooocococece 
ae) 


= a oe oe oo 


SBeoeoccCCSCS 


= SS 


SOOO OC COCO 


m™rOoTMOwor OO © 
eS ee ee we N 


>>>? >>>>> 


oh ak ab ae a a oe 


NS SANS OAN SO = 


VT NT NO LO WN 00 & ne 


WBHONLOMNNNOSONO 
oon] ~MOORONrOME 
“NN - -=- 
SOMFOFONK OT ON eo 
mo COCOHOWOMAH oQ oe 
en a= Oem = ONE Se 
eonmnmwveocecoewonorce 
ee eee a ae 


OMNEGCOHTMOWWNE 


SS = eee ee SS 
eenooeocec »—oOoooocnr Oo Oe 
eaooooooooeoo COCO O © 
eee eeeuacaoooOoas 


sere eee eneonoooc oe 


eeeccoccoececccc 


Seeoeeeseaeooaoooe 


eeococeocooccoccc > 


~ ~OFTOorr- OMNOO 


‘ 
SNENNOSHANMNS OH 
rrvrwowwonrmuwovwore.w 


© 
~s) 
seoeeoeocoeasoeooec]e 


eoececocoooccececceo 


=e Se Seo 
SooOCCONCCOONSCON 
vw 


oeoeooocoeccoce - oOo O° 


a eee ee aS 


Sseaaeucaesococeaesoeaos 


a a eae SS 


eeoeooccoeccescsoesceo 


ee oS eer eS 


eeeccooeocecocecc 


asooooeooeooooooeo 


eeococoocoococoeccco 


OM OWOAOPKTNMTSTMDOM OR — 
rr FF SF FS SS eS e —N 


AAR HMAIAVAM MAM MR MRM” 


ZFAFZFFZFAFZAZZZATZTAZAZ 


Swen ve oo =) 

NOON TOMOE 
_— 

— NF BBBNBOS 


© ey 00 r mr OM 


nn e Nnoovor 

MONORAOOrO 

Cj - - 

AN OK AAN= OC 

wos MwowWoOwWN 
-- - 

Sn escomn- es 


UNODMOCO-cO 
™N 


ooo Pr oOo Ool lol lm 
QoQ O-lol OOOO Ol Oo oO 
Ooo OOOO 0OC°0O O 


2 oOo 0° OOO OOo Oo 
eoononoooclollOllkm 


2QooooolloOol Om 


lOO OOOO CoO 
co OoOOoO CO CO OO - & 
omraemear la 
wrwsrw oOaMe eo 
Cyr wor wt TF UV) 0 
Sj A; 


anoooooceo 
vw 


ooooooeooee 


SeCCOCOCS 


Soooooeooo 


Sooecoooce]e 


Qooooor.nma 
OOOO COMPO 
Ov 


SoC OCOCOCCS 


See eo 


ooceococco 


—— 


socooceccco 


SOK NMMwor eo 


”- FE ee Se 


}25 








rt 
4 


ontinue 


~ 


le E-2 


7 
a i 
‘au 


DB 


TA) 


vw) 


rarvest 


ited 


inter 


° 


ow 


n 


0 


co 


we 


™ 


~~ 


© 
| 


© 


&> 


o 


La) 


- 


al 


fv 


~ 


- 


o 


- 


- 


ts | 


- 


2. 


2 
fv 


- 


oo 


o> 


oOo 


-o 


- 


€9o 


Le) 


oo 


wv 


ww 


ad 


- 


| =) 


&> 


~ 


o 
uw 


t 


~> * 
oO wv" 
a « 
fw ¢ 
> 
oe & 
< o 
oe 
oe uw 
€ <=> 
r tw 
= «a 
“sw 
° 
o 2 
oo rm 
ao a 
>> €&> 
o © 
oo 2 
oOo =- 
ao © 
or 
Ww 
-“ 
a te) 
~“ <> 
w 
QoQ © 
oO © 
r ao 
w@& 
- 
Oo 2 
oa © 
oOo o 
2 & 
oa 
oa © 
oO © 
a> &> 
rw 
of 
ae =) 
= > 


« 


- 


ta) 


© 


to ] 


oOo € 


™ @& 
or 
o- 
rm & 
Co 
“) 
rv] ~ 
i ed 
fy * 
- 
ww 
7 wv 
oe & 
© © 
—- © 
- © 
- & 
oc 
« a ] 
oc 
mm 
or 
mey 
oo ~w 
ow 
~ 
o o 
2 © 
r te ) 
Ce © 
- 
o> © 
o => 
2 © 
oOo = 
cc ~2 
- © 
= 
qa © 
oom 
_ 
aa 
22 


~> 


~ 


=> 


<- 


2 
(™~ 


“ 


wT 
tv 


a 


<-> 


31 


0 


© 


al) 


L = ) 


<> 


™ 


cy 


a 


a 


vw 


~N 


tv 


©. @ 
Fw 
™ 
7 « 
wv « 
r« 
a 
eo & 
r 4 
. 
0 o 
r ~ * 
ao <> 
i s 
< 
‘ © 
{2 © 
o> « 
oc 
< 
-_—o- 
0 © 
” 
wT © 
fv 
us 
- J 
mw 
2 & 
eo © 
uw & 
© 
oOo © 
ao 
QoQ © 
CoQ © 
ao 
oe | 
~~ 
- © 


oo 
wi - «<_ 
> r 
nore oa 
™ ow , 
~fy * <> 
—? . 
- - 
rw. 
| a r or 
fyutrut 
aw 
» ~~ 
< co & 
<>< c 
qo « <> 
oo oa 
Oo oc 
c <> 
oO -o = 
« « - 
rue 
or ty 
(Jw © 
o_o oo «<> 
oo oo & 
wy ui fy 
vam 
~- 
oOo ©- © 
oo 2 &> 
~m™ oOo 2> 
- oO oO 
- 
oo oe 
oOo oOo oC 
OQ oo 
ooo 
2a oOo oOo 
oOo -o © 
ww re 
_ «© -_ 
a «<«t 
> > > 


©O 


eo 


«I 


™w ov 
[ r ° 
. 
r <= 
° - ws 
oer 
ry, < 
reo 
> 
— wo 
~ ra ty 
ws ’ 
. - 
~<c> € 
oOo oo 
Ooo oe 
ono © 
oo a 
ao ©. &> 
—_ > <> 
oo oc 
owr 
- © @ 
mu 
oOo @ 
oo © © 
oo &2 
oOo vr © 
oOo oc 
o oOo © 
oe © & 
moa 
a 
Oo © e> 
Oo oc 
ero oo 
ee 2 © 
e- 
oOo oo oe 
»_o oOo © 
oe @- 
= Covey 
Tt «<t <« 
> > ~ 


~ 


to] 


© 


~~ « 


> * > 
ww fiw . 
. 
Ow 
° rw 
vn - » 
> « ‘ ) 
©. ’ 
PF ww & 
wr, 
ove-- Ct 
~ 
~ - 
ac o<« 
—- « <<. 
occ < 
-<« Cc 
© © 
<o > ~< 
- « ‘ 
c oo oc 
rma 
Wr © ww 
TrTrrmvs 
oOo @o< 
Qo —- 
~- 
or. © 
or. 2 Ww 
oOo 2 & 
QoQ Oo Oo © 
QoQ oon © 
Oo Co oOo © 
ooo © 
QoQ oo © 
onoao a 
oOo a © Oo 
co oo 2 & 
oOo © © © 
tJ ww uy 
_— ee 
VVYUVLL 
zzFTzz 


© 


eo 


o 
an 
. a 
we 
~ + 
- 2 7 
a > 
- oO 
. * 
) & 
a > 
c 
« < 
‘ <_ 
c> « 
< 
< c 
< <- 
0 © 
~~ 
J 
c c> 
< ©. 
- 
oo { é 
ae 
NO 
oOo 2 
oO & 
Oo - 
»onec 
c > 
oS < 
2 © 
2 © 
m™ © 
~~ =~ 
VO 
zz 


~2 


«> 


><> 


1 


© 


c> 


a> 


fe ty 
wTrer . 
- 
- . > * 
- 
~~ © a 
> wi < 
é >’ a) @ 
- - - 
cl @ 7 
a > /, & 
- © - 
< ’ 
oc al < 
- ec c 
< >< ‘ 
oOo me < 
o_o co c 
o_o <> <> 
« o< © 
7 € . ~ 
nm wo es 
- fe CV 
r oO oc © 
~w > wm > 
wv wT 
oo wv Cy 
otr 
Oo wo < 4 
aoa - Cc - 
wT ~~ 
x“ QOoc 
m™ Oooo 
o 
oOoa< 
Ooo Co © 
aa <« oO 
oO 2 © © 
oa oOo ao 2 
< oOo co 2 
Nmrmrys 
_——_— «© - 
VOU WH 
MwWmwu 


« 
- 
- - 
- - 
r « 
> J 
. 
> 
r, tv 
> o 
< 
- - 
> 
< > 
c> 
- & 
< ©& 
< ©. 
=- co 
©. © 
. ~) 
a , 
fut 
~ ty 
“ 2 
ov 
2 
ry 
< c 
ao & 
-< 
© © 
OQ 2 
o <> 
© < 
< a 
oO © 
oOo © 
or 
_- = 
© « 
Vl? « 








Continued. 


Table E-2. 


ng 


bandi 


< 


° 


area 


reference 


Major 


a 
i= 
i 
uw 
gd 
Ul + + wo 
Ze ue 
c+ 
aw 
| = 
V+ WN 
-<I- 
= 
~~ Ww 
ma 
Ors 
. o- 
On 
X 
9t&C¢ 
Ode 
vr>um 
Yee Oe 
-O2 eo 
= 
w 
£ ¢ 
Ore WN 
- u- 
=e 
a 
X 
gc 
~~ 
cen 
onl 


8 3 10 


N MAN E ONT 
7 


N SASK 
6 


SE 
5 


SW 
4 


Sw 
3 


PAC N NWT ALTA SASK SASK SW MAN W ONT W QUE WA4-OR N Ca 
2 


1 


N WN ALTA 


Harvest 
area 


and 
week 





oOwUr ONT TOM 0 


~errTmowonmwsTreK TS 


— NO = 


oor OMe srnoo 


Q2QcmMmMmoo---oo 


oorrrnmeaor ooo 


eoowurTOoOrNMNO 


NOTAOmMowvowrnm 


wrvomwornwouwnnm 
- mre -N mo 


OMWMNDOOWMEM HO 


wnemwerrrorwo © 
—- N —N 


woocoooonoo 


*_ © © © * *# © @  @#  « 


wooooo°o°o°oc.hcuc 
oo 


QoQoQooooCceooodlollm 


eoQoooooooo°o 


oQooocroonon°oco 


*_ *© © © @ #@ # © 8  «@ 


oooooooOocuollm 


Qooooonooo°e 


*_ © © © @ # & & 8 *@ 


oooooooololl.w€m 


DOANNMH TK Mw 


TrwOoNnerrewrnor.r 
rmMmnrnrer WTS 


Qonooos7Tnocooo 


onmnoownnoec°coeoo 
wT WAM 


eSoowMmanronmn-on 


ooorrTrommown 
NO m_ 


*_ © © © #@ *# *# # #  «@ 


coocomMmnoooo 
-_— 


eogooonmnoonrnoo 


ogQoeooowvronmr.co 
- - 


Qooonoooono]o 


aQooooo°c”cnocn][c 


mrTroo°oo°oco°oc”oo 


m~woocooo°o°e 7?oOo°ocoe 
wre 


aQoooooo°”ceo 


*-_ © j%*© © *© © *# *# @ 


—-faOormronws emo 
- 


-“-—- -— 


2QoooNoOOoOMoN 


*_ © © @ © @ # & &  # 


oOoonwWNre-oW 


Oowuoroowwwnmwvoo 


ONT OoOTOoONTT oO 
msn - - J 


ooocoooooclollm 


ooooocoooocllhwc€c 


QoooooococlocKllcll Om 


QaQoooonoCoce oo 


oQoooonoooo.]°o 


*_ © © © © @ © & 8  @ 


ooooooouoculoll Om 


OmMoon- COoONnNo 


oroonnmMoonmoa 
NN vr 


ooooooouoococllwc 


oooocoooo°oroc.Ccl[cw 


oQomoocooo°ooo 


oMmooooooo°o 
wy 


ooaooooonococmlhmcm 


eooooocoKulwcmclOlcOl Om 


2oaooccocoomoo°c”no[c 


ooooooro°oc.oc 
~o 


ecooonooooooocullmw€c 


ooooooooo.o°o 


NOwsrownr aro. 


is shown by 


The relative importance of 


1 September. 


1 for all harvest areas begins on 


@uarvest derivation was based on direct and indirect recoveries of all aae and sex classes, except locals, 
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of current Resource Publications follows. 


A Handbook tor Terrestrial Habitat Evaluation in Central Missouri, edited and compiled by Thomas S. Bas- 
kett. Deretha A. Darrow. Diana L. Hallett, Michael J. Armbruster, Jonathan A. Ellis, Bettina Flood Spar- 
rowe, and Paul A. Korte. 1980. 155 pp. 

Conservation of the Amphibia of the United States: A Review. by R. Bruce Bury. C. Kenneth Dodd, Jr., 
and Gary M. Fellers. 1980. 34 pp 

Annotated Bibliography for Aquatic Resource Management of the Upper Colorado River Ecosystem, by Richard 
S. Wydoski, Kim Gilbert, Karl Seethaler, Charles W. McAda. and Joy A. Wydoski. 1960. 186 pp 

Blackbirds and Corn in Ohic, by Richard A. Dolbeer. 1980. 18 pp. 

Handbook of Acute Toxicity of Chemicals to Fish and Aquatic Invertebrates, by Waynon W. Johnson and 
Mack 1 Finley. 1980. 98 pp. 

Waterfowl and their Wintering Grounds in Mexico, 1937-64, by George B. Saunders and Dorothy Chapman 
Saunders. 1981. 151 pp. 

Native Names of Mexican Birds, researched and compiled by Lillian R. Birkenstein and Roy E. Tomlinson. 1981. 
159 pp. 

Procedures for the Use of Aircraft in Wildlife Biotelemetry Studies, by David S$. Gilmer, Lewis M. Cowardin, 
Renee L. Duval, Larry M. Mechlin, Charles W. Shaiffer, and V. B. Kuechle. i981. 19 pp. 

Use of Wetland Habitats by Birds in the National Petroleum Reserve — Alaska, by Dirk V. Derksen, Thomas 
C. Rothe. and Wiliam D. Eldridge. 1981. 27 pp. 

Kev to Trematodes Reported in Waterfowl, by Malcolm E. McDonald. 1981. 156 pp. 

House Bat Management. by Arthur M. Greenhall. 1982. 30 pp. 

Avian Use of Shevenne Lake and Associated Habitats in Central North Dakota, by Craig A. Faanes. iJ82. 
24 pp. 

Wolf Depredation on Livestock in Minnesota, by Steven H. Fritts. 1982. 11 pp. 

Effects of the 1976 Seney National Wildlife Refu > Wildfire on Wildlife and Wildlife Habitats, compiled by 
Stanley H. Anderson. i982. 28 pp. 











As the Nation's principal conservation agency. the Department of the 
Interior has responsibility for most of our nationally owned public lands 
and natural resources. This includes fostering the wisest use of our land 
and water resources, protecting our fish and wildlife, preserving the 
environmental and cultural values of our national parks and historical 
places, and providing for the enjoyment of life through outdoor 
recreation. The Department assesses our energy and mineral resources 
and works to assure that their development is in the best interests of all 
our people. The Department also has a major responsibility for American 
Indian reservation communities and for people who live in island 
territories under U.S. administration. 
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